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Abstract 


An  inconsistency  arises  in  Rothermel's  fire  spread  model  when 
there  are  two  or  more  categories.  If  a  fuel  load  is  split  into  identical 
classes  in  two  separate  categories,  the  reaction  intensity  is  less  than 
if  the  load  is  contained  in  a  single  class  in  one  category.  The  author 
resolves  the  inconsistency  by  replacing  the  weighting  parameter  for 
each  category  with  the  effective  heating  number  developed  from  the 
characteristic  surface  area-to-volume  ratio  of  each  category. 

OXFORD:  431.5:431.6.  KEYWORDS:  ignitibility,  fire  behavior, 
fire  spread  model,  effective  heating  number,  weighting  parameter. 


Introduction 


The  formulations  found  in  Rothermel's  fire  model ^  were  derived  from  observations 
of  fire  spread  through  homogeneous  fuel  arrays.   In  order  to  correlate  these  data  to 
heterogeneous  fuel  arrays,  which  are  more  often  encountered  in  the  field,  Rothermel 
developed  a  method  of  "homogenizing"  the  fuel  sizes  into  one  characteristic  size  for 
each  fuel  type  or  category.   The  reaction  intensity  contribution  from  each  category 
was  then  calculated  and  summed  to  give  the  total  reaction  intensity  leading  to  the 
final  calculation  of  the  rate  of  spread. 

The  homogenizing  process  for  combining  either  classes  or  categories  was  achieved 
by  weighting  each  size  class  by  its  surface  area.   Thus,  for  equal  loads,  smaller 
diameter  fuels  are  given  greater  weight  to  obtain  the  characteristic  fuel  size  for  that 
category. 

My  purpose  is  to  show  that  if  more  than  one  category  is  used  and  identical  fuels 
are  entered  or  generated  in  each  category,  the  weighting  method  will  produce  an  incon- 
sistency.  The  total  reaction  intensity  and  the  resultant  rate  of  spread  will  be  less 
than  if  all  the  fuel  were  contained  in  one  category.   However,  it  follows  that  if  a 
single  category  is  used  (e.g.,  dead  fuel),  no  problems  arise. 


^Richard  C.  Rothermel.   A  mathematical  model  for  predicting  fire  spread  in  w;  d- 
land  fuels.   USDA  For.  Serv.  Res.  Pap.  INT-115,  40  p.,  illus.   1972. 


Fire  Spread  Model  Inconsistency 


The  problem  is  illustrated  by  using  Rothermel's  fire  spread  model  to  compute  the 
rate  of  spread  from  the  following  list  of  fuel  data: 

Dry  load (0.034  lb. /ft.  2) 

Low  heat  value (8,000  B.t.u./lb.) 

Fractional  moisture  content (0.04  lb. /lb.) 

Fractional  extinction  moisture  content (0.30  lb. /lb.) 

Surface  area-to-volume  ratio (3,500  ft."^) 

Fractional  mineral  content (0.06  lb. /lb.) 

Particle  density (32  lb. /ft.  3) 

Effective  fractional  mineral  content (0.01  lb. /lb.) 

Fuel  depth (1  ft.) 

Wind (0  ft. /min.) 

Slope (0  ft. /ft.) 

Two  examples  are  given  for  comparison.  First,  the  fuel  load  is  entered  into  a 
single  category,  then  split  equally  into  two  categories.  The  differing  results  are 
shown  in  table  1. 


Table  \.--Tdo  computations  of  the  rate  of  spread. 


Option 

Reaction  intensity 

Rate  of  spread 

Category  1 

Category  2 

:   Total 

1,070 
267 

-  R1-11  /-Pi-  2™-;«     

Ft. /min. 

6.4 
3.2 

Single  * 
Split  t 

267 

1,070 
534 

*Load  contained  in  one  category. 

tLoad  split  equally  into  two  categories 


The  following  illustrates  this  inconsistency  algebraically.   For  a  given  size 
class,  entering  the  load  into  one  category  gives  twice  the  intensity  of  the  same  load 
equally  divided  into  two  categories.   The  differences  occur  in  the  weighting  parameters 
in  the  reaction  intensity  equation  (58) . ^ 


i=m 


T  =  r'E   f .  (w  )  .  (h)  .  (n  )  .  (n  ).  , 
R     .  ,  1^  n-^  1   1   s^  1  ^  m^  i' 
1  =  1 


where, 


w  =  net  load 
n 


h  =  low  heat  value 

n  =  mineral  damping  coefficient 

n  =  moisture  damping  coefficient 
m 

,   .  .   .th   ^ 

(  J .  =  in  1   category. 

In  the  split  load,  the  heat  content,  mineral  damping,  and  moisture  damping  coefficients 
of  each  category  are  equivalent  to  their  corresponding  parameters  in  the  single  cate- 
gory.  The  weighting  parameters  of  the  split  load  are  equal  and  each  has  a  value  of  h 
because  their  sum  must  be  1.   For  one  class  in  a  single  category  there  is  one  weighting 
factor,  f.  =  1,  and  the  reaction  intensity  is: 

When  the  load  is  split  equally  into  one  class  in  each  of  two  categories,  the  weight- 
ing parameters  are: 

SO  that. 
But, 

Tlierefore, 

^Rb    =   ^'^V2)lS(\)l(Vl 


^Rb   =   ^^^'^VlS^^^l^^m^l' 


which  gives 


Inu  =  J2l._. 


But,  since  the  load  and  fuel  characteristics  are  equivalent,  we  should  have: 

^Rb  "  ^Ra* 

This  argument  can  be  expanded  to  n  categories  where  the  fraction  of  inequality  is  1/n. 

The  above  example  is  the  worst  case.   The  fraction  Ij^b^^Ra  ^PP^oaches  1  (completely 
consistent)  as  the  fraction  of  the  load  in  one  category  decreases  from  h   to  zero  or 
increases  from  %  to  1. 


The 


To  resolve  this  inconsistency  the  weighting  parameter,  f^^,  was  replaced  by  the 
effective  heating  number,  evaluated  from  the  characteristic  surface  area-to-volume 
ratio  of  each  category.   Explicitly,  f^   in  equation  (58)^  was  replaced  by 


c.  =  exp(-138/a. ) , 


th 


where  a  is  the  characteristic  surface  area-to-volume  ratio  of  the  i   fuel  category 


Results  using  e.  are  given  in  table  2. 


The  general  effect  of  exchanging  the  weighting  parameter  for  the  effective  heating 
number  is  for  the  calculated  rate  of  spread  to  increase  if  the  fuel  is  distributed  into 
more  than  one  category  (presently  two,  live  and  dead)  and  to  decrease  by  a  lesser 


Table  2. --Computations  of  the  rate  of  spread  modified  by  weighting  the  reaction 
intensity  adlculation  by   the  effective  heating  number. 


Option 

Reaction  intensity 

Rate  of  spread 

Category  1 

:    Category  2     : 

Total 

--   R  1-  11   /-fl-   2  rn-in - 

Ft. /min. 

6.2 
6.2 

Single* 
Split  t 

1,028 
514 

514 

1,028 
1,028 

*Load  contained  in  one  category 

+Load  split  equally  into  two  categories. 


amount  if  the  fuel  is  limited  to  one  category.   Figure  1  shows  how  three  fuel  models:-^ 
chaparral,  timber  (litter  and  understory) ,  and  slash  (heavy,  200  T/A)  are  affected  by 
exchanging  the  weighting  parameter.   The  first  two  models,  chaparral  and  timber,  show 
increases  when  the  effective  heating  number  is  used,  whereas  the  slash  model  shows  a 
decrease.   Results  are  consistent  with  the  fact  that  both  fuel  models,  chaparral  and 
timber,  have  two  categories,  live  and  dead,  emd  slash  has  only  one,  dead. 
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Figure  1. — Rate  of  fire  spread  versus  wind  velocity  at  midftame  height  for  three  fuel 

models:^  ahaparraly    timber  (litter  and  understory) ,   and  slash   (heavy ^    200  T/A). 
The  solid  curves  represent  results  of  the  weighting  parameter,    the  dashed 
curves  results  of  the  effective  heating  number. 


Conclusions 


By  exchanging  the  weighting  parameter  for  the  effective  heating  number,  the  total 
reaction  intensity  and  the  rate  of  spread  are  less  when  the  load  is  limited  to  a  single 
:;ategory.  However,  the  reverse  is  true  when  the  load  is  divided  into  two  categories, 
^ore  importantly,  when  the  effective  heating  number  is  used,  the  total  reaction  intensity 
and  the  rate  of  spread  remain  unchanged  whether  the  load  is  divided  into  two  or  more 
categories  or  limited  to  one.   Replacement  of  the  weighting  parameter,  f.,  by  the 
effective  heating  number,  e.,  is  a  reasonable  alternative  since  it  represents  the 
fractional  amount  of  fuel  brought  to  ignition  within  the  category.  As  used  here,  the 
effective  heating  number  can  account  for  the  characteristic  load  effectively  involved 
in  the  initial  combustion  process  that  creates  the  reaction  intensity  necessary  to 
propagate  the  fire.   It  weights  the  category  according  to  its  characteristic  fuel  size 
and,  consequently,  its  proportionate  involvement  in  the  spreading  fire. 
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FOREWORD 


Development  of  an  ecosystem  classification  for  the  forest  vegetations 
of  the  northern  Rocky  Mountains  has  provided  land  managers  in  this  region 
with  an  effective  means  of  stratifying  the  landscape  into  units  of  generally 
equivalent  environment  for  plant  growth.  In  recent  years,  the  Northern 
Region  of  the  USDA  Forest  Service  has  given  increasing  weight  to  habitat 
type  identification  in  site  descriptions  for  multiple  use  planning  in  specific 
stands. 

In  1970,  the  opportunity  arose  to  try  mapping  habitat  tvpes  throughout 
an  entire  National  Forestwhen  a  reinventory  was  made  of  timber  resources 
on  the  Coeur  d'Alene  National  Forest  in  northern  Idaho.  Procedures  for 
fieldwork  and  mapping  were  developed  as  a  joint  endeavor  by  the  Northern 
Region,  the  Coeur  d'Alene  National  Forest,  and  the  Intermountain  Forest 
and  Range  Experiment  Station. 


The  occurrence  of  ecologically  defined  habitat  types  over  the 
entire  Coeur  d'Alene  National  Forest  in  northern  Idaho  was  mapped 
in  conjunction  with  a  reinventory  of  the  timber  resource.  This 
report  describes  the  method  of  data  collection  and  the  observed 
relationships  between  habitat  type  occurrence  and  topographic  var- 
iables that  were  used  for  interpretive  mapping  outside  of  sampled 
areas. 


OXFORD:  182.2,    182.3,   182.58,   582. 

KEYWORDS:  Migration  (plant),  associations  (plant),  vegetation 
mapping  methods,  mapping,  habitat  type,  ecosystem  classification, 
topographic  relationships. 
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Typical   terrain  of  Coeur  d'Alene  National  Forest,   showing  some  of 
the  extensively  developed  logging  road  system. 


THE 

E1WIR0NMINTAL 

SITTING 


The  Coeur  d'Alene  National  Forest  contains  about  723,000  acres.   It  extends  from 
the  Bitterroot  Range  on  the  east  where  elevations  reach  6,800  feet  above  sea  level  to 
the  edge  of  the  Columbia  Plateau  on  the  west  where  the  elevation  drops  to  near  2,100 
feet.   The  area  between  is  occupied  by  the  Coeur  d'Alene  Mountains,  which  resemble  an 
intricately  dissected  highland.   The  terrain  is  generally  steep;  slopes  of  50  to  65 
percent  are  common.   Most  of  the  soils  on  the  National  Forest  are  brown  Podzolic  soils 
that  have  developed  over  rather  hard  argillite,  quartzite,  and  sandstone  and  they 
usually  display  the  influence  of  loess  and  volcanic  ash  mantles. 

The  climate  is  markedly  influenced  by  maritime  air  masses  brought  in  from  the 
Pacific  coast  by  prevailing  westerly  winds.   This  results  in  more  cloudiness  and  precipi- 
tation as  well  as  warmer  mean  temperatures  than  are  experienced  in  areas  farther  east 
having  continental  climates.   As  Daubenmire^  observed,  the  similarity  of  Northern  Rocky 
Mountain  climate  to  that  of  the  west  slope  of  the  northern  Cascades  is  attested  to  by 
the  reappearance  of  western  hemlock  and  western  redcedar  as  climax  forest  at  inter- 
mediate elevations.   Precipitation  at  the  city  of  Coeur  d'Alene,  on  the  west  side  of  the 
National  Forest,  averages  26  inches  per  year;  in  the  mountains,  it  increases  about  14 
inches  for  every  rise  of  1,000  feet  in  elevation.   About  65  to  75  percent  occurs  as  snow. 
Habitat  types  represented  on  the  National  Forest  range  from  ponderosa  pine  associations 
on  low  elevation,  dry  sites  to  mainly  subalpine  fir  and  mountain  hemlock  at  the  highest 
sites  (fig.  1) . 


^R.  F.  Daubenmire.   Vegetational  zonation  in  the  Rocky  Mountains.   Bot.  Rev.  9(6) 
325-393,  illus.   1943. 


Pinue  albioaulie /Abiee   laeioaarpa 
(Whitebark  pine/subalpine  fir) 

Taii^a  merterteiana/Menzieeia  fevruginea 
(Mountain  hemlock/rusty  menziesia) 

Tsuga  rnertensiana/Xerophyllum  tenax 
(Mountain  hemlock/beargrass) 

Abies   lasioaarpa/Menziesia  ferruginea 
(Subalpine  fir/rusty  menziesia) 

Abies   lasioaarpa/Vaaoinium  saopariim 
(Subalpine  fir/grouse  whortleberry) 

Abies    lasiooarpa/XePophylltm  tenax 
(Subalpine  fir/beargrass) 

Abies   lasiooarpa/Paahistima  myrsinites 
(Subalpine   fir/pachistima) 

Pseudotsuga  menziesii/Calamagrostis  rubesaene 
(Douglas-fir/pinegrass) 

Thuja  pliaata/Oplopanax  horridum 
(Western  redcedar/devil 's-club) 

Thuja  pliaata/Athyrium  filix-foeminu 
(Western  redcedar/ladyfem) 

Tsuga  heterophylla/Paahistima  myrsinites 
(Western  hemlock/pachistima) 

Thuja  pliaata/Paahistima  myrsinites 
(Western  redcedar/pachistima) 

Abies  grardis/Paahietima  myrsinites 
(Grand  fir/pachistima) 

Pseudotsuga  memiesii/Physoaarpus  malvaaeus 
(Doug  las -fir/ninebark) 

Pinus  ponderosa/Symphoriaarpos  albus 
(Ponderosa  pine/snowberry) 

Pinus  ponderosa/ Fes tuaa  idahoensie 
(Ponderosa  pine/ Idaho  fescue) 

PinuB  ponderosa/Agropyron  spiaatwn 
(Ponderosa  pine/bluebunch  wheatgrass) 

Figure  1. — Habitat  types   encountered  on  the  Coeur  d'Alene  National 

Forest  in  general  order  of  their  expected  oocurrenoe  on  left-to- 
right  gradients  of  increasing  elevation,  decreasing  temperature, 
and   (less  conformably)   increasing  moisture. 


MAPPM^  PRO01DUR1S 


Twenty-seven  sub compartments  or  portions  of  subcompartments  on  the  National  Forest 
were  selected  for  field  sampling  in  1971  in  accordance  with  revised  inventory  system 
procedures  that  had  been  developed  to  provide  "in-place"  information  on  timber  volume, 
growth,  mortality,  stand  condition,  and  potential  productivity.^  The  sampled  units 
totaled  about  23,000  acres,  slightly  over  3  percent  of  the  entire  Forest  (fig.  2).   As 
a  part  of  the  data  collection  in  each  of  the  subcompartments,  the  same  field  crews 
recorded  habitat  types  at  sample  plot  locations  that  systematically  gridded  the  area  at 
5-chain  intervals  along  lines  10  chains  apart  (a  rate  of  about  1  plot  per  5  acres) . 
Written  record  of  key  vegetation  presence  and  abundance  was  made  at  every  fifth  plot  to 
facilitate  supervisory  checks  on  correctness  of  identification.   Initial  guidance  for 
training  the  field  crews  was  obtained  from  pioneer  mapping  of  habitat  types  by  Daubenmire 
at  the  Priest  River  Experimental  Forest  in  1967.^ 

For  each  subcompartment ,  the  habitat  type  designations  for  each  sample  point  were 
entered  on  a  large-scale  topographic  map  (4  inches  =  1  mile;  contour  interval  40  or 
80  feet.   Using  these  designations  as  a  base,  lines  were  drawn  where  a  change  from  one 
habitat  type  to  another  was  indicated  (fig.  3) .   Because  of  the  low  sampling  intensity, 
no  attempt  was  made  to  delineate  broad  ecotones  or  areas  of  less  than  5  acres.   This  map- 
ping of  sampled  units  and  of  a  few  other  areas  within  the  National  Forest  where  limited 
supplementary  reconnaissance  had  been  done  confirmed  that  quite  strong  relationships 
existed  among  habitat  type  occurrence,  geographic  location,  and  certain  topographic 
factors . 

The  map  detail  from  the  subcompartments  and  reconnoitered  points  subsequently 
were  transferred  to  a  set  of  smaller-scale  topographic  quadrangles  (2"  =   I   mile),  each 
of  which  covered  7-1/2'  or  15'  of  longitude  and  latitude.   Using  a  more-or-less  objec- 
tive extrapolation  of  the  previously  determined  geographic  and  topographic  relationships 
to  intervening  areas,  the  remaining  96  percent-plus  of  the  Forest  then  was  mapped  on  the 
quadrangles  as  shown  on  front  cover. 


^Albert  R.  Stage  and  Jack  R.  Alley.   An  inventory  design  using  stand  examinations 
for  planning  and  programing  timber  management.   USDA  For.  Serv.  Res.  Pap.  INT-126,  17  p. 
illus.   1972. 

2r.  F.  Daubenmire.   Habitat  type  mapping  feasibility:  a  report  on  a  cooperative 
agreement  between  the  Forest  Service  and  Washington  State  University.   Typed  report  on 
file  at  Intermt.  For.  S  Range  Exp.  Stn.,  Moscow,  Idaho. 
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Figure  3.  —Subaompartment  map  showing  grid  of  sample  points    (each  with  nwnerxcal 
^designation  of  habitat  type)   and  the  derived  habitat  type  boundary   lines. 


ITAT  T¥P 
INeOUNTlRlD 


Total  acreages  of  the  principal  habitat  types,  estimated  from  the  final  map  by  dot- 
irid   count,  v\fere  as  follows: 

Douglas- fir/ninebark  8,600 

Grand  fir/pachistima  198,200 

Western  hemlock/pachistima  374,700 
Subalpine  fir/pachistima  41,100 
Subalpine  fir/beargrass  15,900 

Subalpine  fir/menziesia  5,000 

Mountain  hemlock/beargrass  35,300 
Mountain  hemlock/menziesia  19,500 
Lowland  complexes  22 ,300 

Total  720,600 


The  extensive  representation  of  western  hemlock  and  grand  fir  habitat  types  (more 
than  80  percent  of  the  area)  attests  to  the  generally  moderate  environmental  conditions 
within  the  Coeur  d'Alene  National  Forest.   Subalpine  fir  and  mountain  hemlock  were 
climax  on  most  of  the  remainder  of  the  area  (about  16  percent) ,  not  all  of  which  was 
located  at  high  elevations.   The  subalpine  fir/pachistima  habitat  type  also  occurred 
in  frost  pocket  situations  on  lower  parts  of  many  drainages. 

The  "lowland  complexes"  designation  includes  fairly  level  areas  near  lakes  and 
rivers  draining  into  swampy  terrain  and  also  includes  most  of  the  broad  flats  that 
border  the  lower  ends  of  major  mountain  streams.   Habitat  types  found  in  such  places 
(western  hemlock/pachistima,  western  redcedar/ lady fern,  western  redcedar/devil 's-club, 
subalpine  fir/pachistima,  and  riparian  types)  were  lumped  because  changes  from  one  to 
another  occurred  rapidly  and  were  frequently  associated  with  elevational  differences 
that  were  too  small  to  be  determined  on  the  available  topographic  maps. 

Other  habitat  types  exist  on  the  Forest  in  isolated  patches  or  stringers  usually 
too  small  to  map  at  the  scale  used  (fig.  1) .   Among  these,  areas  having  ponderosa  pine 
as  the  climax  tree  species  were  strictly  confined  to  driest  exposures  at  the  lowest 
elevations.   The  Douglas- fir/pinegrass  type  was  not  mapped  because  its  apparent  occur- 
rence was  a  result  of  repeated  severe  burns  on  limited  areas  of  steep  south  slopes. 
These  areas  could  not  be  delineated  without  field  examination;  also,  there  was  question 
about  the  relative  permanency  of  the  retrograded  condition  in  the  absence  of  further 
wildfires.   Western  redcedar/pachistima  was  not  differentiated  from  western  hemlock/ 
pachistima  because  information  was  not  available  as  to  environmental  distinctions  that 
could  be  used  to  map  each  of  these  types  individually.   The  western  redcedar/devil ' s- 
club  and  western  red cedar/ lady fern  types  occurred  only  as  very  narrow  stringers  along 
stream  margins  at  intermediate  elevations.  Two  high-elevation  types--subalpine  fir/ 
grouse  whortleberry  and  whitebark  pine/subalpine  fir--rarely  were  encountered. 


EIWIROIIMINTAL 
INPLUEN^iS 


We  tentatively  had  planned  to  try  to  develop  mathematically-expressed  relationships 
between  habitat  type  occurrence  and  topographic  variables  so  that  computer  methods  could 
be  used  to  map  the  bulk  of  the  National  Forest.   However,  this  approach  was  dropped, 
because  of  the  complexity  of  analytical  requirements  and  of  time  limitations.   Instead, 
the  environmental  relationships  that  had  been  observed,  together  with  those  that  had 
been  reported  by  Daubenmire  in  1943-  and  in  1968,^  were  used  to  develop  general  criteria 
for  interpretive  mapping. 


im  Loeailo^ 


Differences  in  growing  conditions  on  the  Coeur  d'Alene  National  Forest  that  are 
attributed  to  geographic  location  are  most  noticeable  between  the  east  and  west  por- 
tions.  On  the  west  side,  precipitation  is  relatively  low  and  evapotranspiration  is 
relatively  high  on  the  exposed  western  slopes.  This,  coupled  with  the  warm  tempera- 
tures at  the  lowest  elevations,  produced  the  driest  climatic  conditions  that  we 
encountered.   As  the  air  masses  move  eastward,  they  are  cooled  as  they  pass  over  and 
beyond  the  first  range  of  mountains;  this  causes  increased  precipitation  and  corres- 
ponding changes  in  the  representation  of  habitat  types.   Toward  the  east  side,  there 
is  a  proportionately  greater  acreage  of  high-elevation  habitat  types  because  the 
mountain  ranges  are  higher  than  those  on  the  west. 

Little  more  than  half  a  degree  of  latitude  separates  the  northernmost  and  southern- 
most extensions  of  the  Forest,  which  is  equivalent  to  less  than  1  percent  difference  in 
total  yearly  energy  input  in  terms  of  potential  solar  radiation.   By  itself,  this  dif- 
ference does  not  appear  to  cause  any  significant  shifts  in  the  pattern  of  habitat  type 
occurrence. 


^R.  Daubenmire  and  Jean  B.  Daubenmire.   Forest  vegetation  in  eastern  Washington 
and  northern  Idaho.   Wash.  Agric.  Exp.  Stn.  Tech.  Bull.  60,  104  p.,  illus.   1968. 


Effects  of  Landf^r 


Elevation,  aspect,  slope  configuration,  and  adjacent  land  features  are  four  of  the 
major  landform  characteristics  that  exercise  strong  control  over  environmental  condi- 
tions through  complex  interactions;  in  turn,  the  conditions  are  intimately  related  to 
plant  distribution.   Foremost  among  these  conditions  are  precipitation,  infiltration, 
evapotranspiration,  growing  season,  soil  depth,  wind  exposure,  and  cold  air  drainage. 

Elevation 

Daubenmire^  reported  that  vegetation  zones  do  not  exist  as  rigidly-defined  alti- 
tudinal  belts  in  the  Northern  Rocky  Mountains,  but  that  the  habitat  types  do  bear  a 
generally  consistent  altitudinal  relationship  to  each  other  as  a  consequence  of  dif- 
ferent temperature  and  moisture  optima.   How  abruptly  or  how  gradually  the  transition 
occurs  between  habitat  types  on  the  Coeur  d'Alene  National  Forest  (fig.  1)  varies  with 
the  kind  of  topographic  factor  causing  the  change.   On  slopes  where  the  factor  was 
elevation  rather  than  aspect  or  slope  configuration,  the  ecotone  was  typically  broad. 
Usually  it  appeared  as  a  mosaic  of  the  merging  types  in  varying  degrees  of  intermediacy. 
Such  mosaics  were  most  frequently  encountered  at  the  higher  elevations  in  the  ecotones 
among  western  hemlock,  subalpine  fir,  and  mountain  hemlock  Iiabitat  t>'pes. 

As-peot 

Overall,  most  of  the  changes  in  habitat  type  were  triggered  by  changes  in  aspect 
between  opposing  sides  of  a  ridge  or  of  a  ravine.   Areas  that  faced  in  southerly  to 
westerly  directions  were  characterized  by  relatively  high  heat  loads  and  by  greater 
exposure  to  drying  winds,  as  well  as  by  the  moisture  deficiencies  that  were  usually 
intensified  by  the  occurrence  of  thinner  and  rockier  soils. ^ 

From  the  standpoint  of  aspect  alone,  south-soutliwest  slopes  appeared  to  be  driest 
and  conditions  became  progressively  cooler  and  moister  in  either  clockwise  or  counter- 
clockwise directions  around  to  the  north-northeast.   This  relationship  did  not  apply 
only  to  the  aspect  of  the  main  slope,  but  also  to  internal  fluctuations  in  aspect 
associated  with  minor  draws--especially  those  that  were  sharply  incised.   As  a  result, 
southerly- facing  main  slopes  typically  displayed  an  interfingering  of  a  "moist" 
habitat  type,  such  as  western  hemlock,  upward  in  the  draws  from  near  the  bottom  of  the 
main  drainage  into  an  overlying  drier  habitat  type,  such  as  grand  fir.   However,  on 
northerly  exposures,  internal  aspect  changes  had  much  less  effect  and  the  range  of 
moisture  conditions  often  fell  within  the  requirements  of  a  single  habitat  type. 

Land  Configuration 

m 
Viewed  in  cross-section,  the  shape  of  the  land  surface  within  a  given  area  can  be 
classed  as  convex,  uniform,  or  concave  (fig.  4).   Convex  surfaces  are  represented 
chiefly  by  upper  slopes  and  ridges.   Southerly  exposures  at  these  locations  on  the 
Coeur  d'Alene  were  markedly  drier  than  those  facing  the  north,  so  ecotones  between 
habitat  types  customarily  lay  near  the  ridgelines.  The  ecotone  was  usually  located  a 
short  distance  over  the  ridge  on  the  northerly  side  where  moisture  conditions  became 
significantly  improved.   Sometimes,  however,  deeper  soils  that  occurred  in  saddles  or 
on  broad  ridgetops  modified  the  effect  of  exposure,  and  then  the  zone  of  habitat  type 
transition  shifted  toward  the  southerly  side  of  the  ridge. 


^Nedavia  Bethlahmy.   Water  yield  and  annual  peaks  as  affected  by  exposure  in 
mountainous  terrain.   Intermt.  For.  S  Range  Exp.  Stn.   (Unpubl.  manuscript.) 


RIDGE 


Figure  4. — Diagrammatia  aross-section  of  a  mountain  slope  shewing  a 

typiodt  sequence  of  configuration  classes.      The  same  sequences  also 
occur  within  the  draws  superimposed  on  main  slopes. 


Steeply  convex  conditions  are  likely  to  be  especially  dry  because  of  greater 
erosion  and  consequent  thin,  rocky  soils.  Areas  of  this  kind  were  relatively  small, 
and  they  were  typically  encountered  toward  the  lower  part  of  a  main  slope  where  a 
rather  abrupt  break  had  been  caused  by  geologically  recent  stream-ciittinp  action.   The 
local  presence  of  a  very  dry  habitat  type  was  often  associated  with  this  configuration, 
especially  on  the  brow  of  a  southward-descending  spur  ridge. 

The  uniform  class  of  configuration  is  found  mainly  on  midslope  positions  where  its 
extent  is  limited  by  subdrainage  development.   Changes  in  habitat  type  within  this 
kind  of  area  were  infrequent  and  were  usually  caused  by  changes  in  elevation  or 
soil  type. 

Concave  landforms  are  associated  with  lower  slopes,  draws,  benches,  and  stream 
bottoms.   In  comparison  with  the  other  two  classes,  the  soils  in  such  areas  were 
moister  and  generally  were  accompanied  by  lower  air  temperatures  and  higher  humidities 
that  resulted  from  cold  air  drainage  and  less  direct  sunlight.   As  a  consequence  of 
these  conditions  and  of  their  interactions  with  aspect,  a  habitat-type  change  commonly 
occurred  on  the  lower  portion  of  southerly  slopes;  for  example,  from  western  hemlock 
in  a  ravine  to  grand  fir  on  the  slope  above,   flow  far  up  from  the  bottom  of  the  ravine 
that  this  would  happen  depended  mainly  on  interrelated  factors  of  aspect,  slope  con- 
figuration, and  certain  modifying  effects  of  adjacent  land  features. 

Although  not  considered  in  the  mapping  project  because  of  the  small  size  of  areas 
involved,  another  change  in  habitat  type  occurred  in  concave  topography  where  western 
redcedar/ lady fern  and  western  redcedar/devil ' s-club  were  represented  on  streamside 
sites.   These  types  were  also  limited  for  the  most  part  to  intermediate  elevations  and 
to  the  gentler  gradients  at  lower  ends  of  the  drainages. 


Adjacent  Land  Features 

The  most  complex  and  difficult  topographic  variables  to  evaluate  are  those  associ- 
ated with  adjacent  land  features.  The  features  can  range  in  scale  from  a  neighboring 
mountain  to  a  nearby  spur  ridge.   Depending  upon  the  size  of  the  feature  and  distance 
from  a  given  site,  it  can  have  a  significant  effect  at  that  site  on  duration  of  direct 
sunlight,  on  wind  and  other  air  movement,  and  on  precipitation  patterns.   For  example, 
observations  on  the  Coeur  d'Alene  National  Forest  showed  that  the  ecotone  between  west- 
em  hemlock/pachistima  and  grand  fir/pachistima  habitat  types  occurred  at  noticeably 
higher  elevations  on  west-facing  slopes  if  there  was  a  high  mountain  or  ridge  on  the 
other  side  of  an  intervening  steep  and  relatively  narrow  drainage.  The  difference  was 
caused  by  the  greater  sheltering  influence  of  the  adjacent  mountain  against  drying  winds 
from  the  west  and  by  the  early  shading  of  the  observed  slopes  from  the  afternoon  sun. 

Constrictions  in  valley  width  were  responsible  for  more  obvious  examples  of  the 
effect  of  adjacent  land  features.    In  these  locations,  pooling  of  cold  air  draining 
from  upper  slopes  created  a  frostpocket  condition,  which  was  accompanied  by  the  appear- 
ance of  subalpine  fir/pachistima  habitat  type  in  the  valley  bottom  and  in  lower  portions 
of  adjoining  subdrainages  for  varying  distances  above  the  point  of  constriction. 


Effects  of  Flr# 


About  one-fourth  of  the  Coeur  d'Alene  National  Forest  was  burned  over  by  the  his- 
toric fires  of  1910.   Reburns  and  sheep  grazing  on  some  of  these  areas  in  subsequent 
years  have  caused  the  virtual  disappearance  of  key  plant  species  that  would  have  indi- 
cated a  moister  habitat  type  than  seems  to  be  represented  now.   This  inference  was 
drawn  from  the  observed  patterns  of  habitat  type  occurrence  on  similarly  situated  areas 
in  the  vicinity  that  remained  relatively  undisturbed.   Nearly  all  of  the  sites  showing 
such  incongruity  in  habitat  type  v\/ere  located  on  steep  south-  or  southwest-facing  slopes 
where  soil  loss  had  been  heavy.   Many  were  at  relatively  high  elevations  where  the 
present  vegetation  indicated  the  habitat  type  to  be  Douglas-fir/pinegrass . 

Although  there  is  some  question  whether  or  not  the  dry  conditions  presently  mani- 
fested are  permanent  enough  to  warrant  this  distinction,  it  seems  likely  that  the 
retrogressive  influences  of  past  disturbance  have  been  so  rigorous  as  to  justify  the 
lowered  habitat  type  designation.   However,  this  was  not  done  in  our  mapping  because 
specific  information  on  site  history  and  on  soils  throughout  the  National  Forest  was  not| 
available.   Instead,  all  areas  were  mapped  entirely  on  the  basis  of  the  broadly  derived 
topographic  relationships  described  in  foregoing  and  subsequent  sections. 
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PATTERN  #P 
HABITAT  TYPl 


The  main  characteristics  of  habitat  type  occurrence  on  the  Coeur  d'Alene  National 
Forest  as  they  were  inferred  from  inventory  plots  and  limited  supplementary  reconnais- 
sance are  outlined  below.   The  elevational  boundaries  given  are  generalized  averages, 
subject  to  considerable  local  variation  caused  by  other  interacting  environmental 
factors , 

Douglas- fir/ninebark   --This  habitat  type  is  most  prevalent  on  the  western  side  of 
the  Forest  where  it  occupies  nearly  all  southerly-facing  sites  (southeast  to  west- 
northwest)^  below  about  2,400  feet  in  elevation.   Above  2,400  feet,  the  type  becomes  in- 
creasingly restricted  to  the  more  southerly  aspects  and  steeper  slopes  until  at  about 
3,600  to  3,800  feet  it  is  essentially  limited  to  small  rocky  areas  on  the  tops  of  spur 
ridges  that  descend  steeply  to  the  south.   Eastward  beyond  the  first  range  of  mountains, 
the  type  occurs  only  on  the  latter  kind  of  site. 

Grand  fir/paohistima. --Klong   the  western  front  of  the  Forest,  grand  fir  is  climax 
up  to  about  2,400  feet  on  slopes  facing  northwest  to  southeast,  as  well  as  in  drainages 
on  all  aspects.   From  2,400  feet  to  about  3,800  feet,  the  grand  fir  type  replaces 
Douglas-fir  on  southerly  slopes;  from  there  it  extends  upward  to  subalpine  habitat  types, 
Eastward  from  this  first  range  of  mountains,  east-northeast  to  west-northwest  aspects 
are  generally  grand  fir  type.  Above  3,600  feet,  however,  the  type  becomes  increasingly 
limited  to  slopes  that  face  from  south  to  west  and  that  have  thinner  soils. 

Western  hemloak/paahistima.--The   western  hemlock  habitat  type  is  first  encountered 
on  the  west  side  of  the  Forest  as  a  narrow  stringer  in  the  bottoms  of  drainages  at  about 


'Inclusive  compass  directions  are  to  be  read  clockwise, 
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2,400  feet- -somewhat  lower  in  drainages  running  in  a  northerly  direction  and  somewhat 
higher  in  drainages  running  southerly.  Western  hemlock  takes  over  from  grand  fir  on  due 
north-facing  slopes  at  about  the  same  elevation,  gradually  extending  its  coverage  to 
the  northwest  and  to  the  northeast  as  elevation  increases.   In  the  mountains  to  the 
east,  on  the  other  hand,  the  western  hemlock  type  rapidly  becomes  predominant  on  all 
northerly  slopes  (west-northwest  to  east-southeast)  up  to  subalpine  habitats.  The  dis- 
tance to  which  this  type  extends  up  the  south-facing  sides  of  drainages  depends  chiefly 
upon  the  protection  from  exposure  provided  by  local  features.   In  addition,  western 
hemlock  frequently  fingers  up  ravines  into  higher  elevations  dominated  by  subalpine 
fir  types. 

Subalpine  fir  habitat  types . --On   the  mountains  to  the  west,  the  relatively 
small  acreage  wherein  these  habitat  types  are  represented  is  mostly  located  in  the 
northwest  corner  of  the  Forest  at  elevations  above  4,800  feet.   Ridges  and  upper 
south-to-west  slopes  are  generally  classified  as  subalpine  fir/beargrass  and  slopes  of 
other  aspects  are  generally  subalpine  fir/pachistima.   Proceeding  eastward,  the  trend 
of  elevational  occurrence  is  lower;  on  the  slopes  of  the  Bitterroot  Divide,  subalpine 
fir  often  becomes  climax  at  about  4,400  to  4,500  feet.  The  subalpine  fir/beargrass  type 
again  predominates  on  ridges  and  dry  southeast-to-west  exposures  on  upper  slopes.   Sub- 
alpine fir/pachistima  is  represented  in  the  draws  of  dissected  southerly  slopes,  on 
ad.j  acent  southeast  and  northwest  slopes,  and,  frequently,  on  all  aspects  in  a  rather 
narrow  transitional  zone  between  the  beargrass  and  menziesia  climax  communities  above 
and  grand  fir  or  western  hemlock  types  below.   The  subalpine  fir/menziesia  habitat  type 
seldom  occurs  below  about  4,600  feet;  it  is  quite  restricted  to  moist  and  generally  con- 
cave topography  on  north-to-east-facing  slopes. 

Mountain  hemlock  habitat   ti/pes.--Representation  of  mountain  hemlock  habitat  types 
is  confined  mainly  to  the  eastern  third  of  the  Forest  where  they  occur  at  high  eleva- 
tions above  the  subalpine  fir  types.   Usually  the  transition  to  mountain  hemlock  takes 
place  above  5,000  feet,  but  the  hemlock  occasionally  replaces  subalpine  fir  at  eleva- 
tions as  low  as  4,600  feet  in  northeast  and  southeast  sections  of  the  Forest;  the  cause 
for  this  was  not  apparent.   The  two  mountain  hemlock  habitat  types  follow  the  same  dis- 
tributional pattern  in  relation  to  aspect  and  exposure  as  described  for  subalpine  fir. 
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On  the  Coeur  d'Alene  National  Forest,  a  low  intensity  of  field  sampling  has  given 
insight  into  relationships  between  habitat  type  and  recognized  topographic  factors  that 
appears  good  enough  to  have  provided,  in  turn,  a  useful  habitat  type  map  and  general 
key  to  vegetation  potential  of  the  entire  Forest.   The  map  should  be  regarded  as  a  first 
approximation;  hopefully,  it  will  be  corrected  and  amplified  as  specific  areas  are  more 
closely  examined  during  the  course  of  ongoing  management  activities.   Also,  additional 
knowledge  about  such  factors  as  precipitation  patterns,  geomorphology,  and  soils  should 
help  to  make  subsequent  interpretive  mapping  more  detailed  and  precise. 


Aeemwme^  off  Mapping 


Data  limitations  imposed  by  the  inventory  sampling  design  and  inadequate  supple- 
mentary reconnaissance  were  mainly  responsible  for  certain  shortcomings  of  the  habitat 
type  mapping  on  the  Coeur  d'Alene  National  Forest.   Several  factors  materially  affected 
mapping  accuracy,  specifically; 

1.  Some  of  the  minor  habitat  types  were  ignored  because  the  individual  areas  of 
occurrence  were  too  small  to  have  been  adequately  observed  or  to  have  been  mapped  at 
the  scale  used.   Other  habitat  types  were  combined  because  good  criteria  for  their  sepa- 
rate identification  were  lacking.   Instances  of  these  kinds  are  given  on  page  6. 

2.  Some  habitat  types  were  more  reliably  identified  than  others  by  the  field  crews, 
and  some  ecotones  were  sharper  and  could  be  more  readily  associated  with  topographic 
variables  than  others.   It  is  fortunate  that  grand  fir  and  western  hemlock  were  two  of 
the  best  types  in  both  respects,  because  together  they  constituted  the  climax  vegetation 
on  about  80  percent  of  the  National  Forest.   High  elevation  types,  on  the  other  hand, 
were  often  less  easily  differentiated,  their  relationships  to  topographic  changes  were 
less  clear,  and  their  ecotones  were  relatively  broad  and  complex. 
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3.  Within  the  sub compartments  selected  for  inventory  sampling,  the  5-  or  10-chain 
distance  between  adjacent  plots  that  differed  in  habitat  type  designations  frequently 
left  considerable  room  for  speculation  about  the  actual  location  of  the  intervening 
ecotone  on  the  subcompartment  map.   Errors  that  may  have  resulted  probably  would  have 
been  carried  over  by  extrapolative  mapping  into  adjoining  parts  of  the  Forest. 

4.  Extrapolation  of  habitat  type  and  topographic  relationships  became  less  relia- 
ble as  distances  from  inventoried  subcompartments  and  reconnoitered  points  increased. 

5.  As  Daubenmire  has  reported,   cartographic  errors  in  the  topographic  base  map 
can  occur  rather  frequently  on  rough  forested  terrain.   Inaccurate  road  locations  are 
particularly  serious  because  the  roads  frequently  provide  key  features  for  on-the-ground 
orientation.   Other  base-map  faults  involve  minor  breaks  or  changes  in  slope  direction 
that  the  cartographer  ignored  or  could  not  detect  on  aerial  photographs  because  of  tall 
tree  cover.   These  omitted  features  may  sometimes  be  associated  with  important  ecotones, 
in  which  case  their  absence  from  the  map  will  cause  corresponding  inaccuracies,  in  the 
delineation  of  habitat  types  within  those  areas. 

R©©omm#md#d  Ghmm^mm  M  Mapping  Pr#e#dwr#s 

It  has  been  pointed  out  that  the  procedure  followed  for  collecting  habitat  type 
information  on  this  National  Forest  developed  as  an  integral  part  of  the  scheduled 
timber  inventory  operation.   Under  other  circumstances  and  in  retrospect,  it  would  have 
been  more  efficient  to  employ  perhaps  two  or  three  professionals  well  trained  in  the 
local  ecology  to  work  together  for  a  field  season  exclusively  on  mapping  of  habitat 
types.   Rather  than  classifying  the  type  at  mechanically  spaced  points  within  certain 
sample  units,  they  should  first  attempt  through  general  reconnaissance  to  determine  the 
pattern  of  habitat  type  occurrence  throughout  the  Forest  and  to  identify  the  environ- 
mental characteristics  that  might  be  usefully  related.  This  information  would  indicate 
which  habitat  types  were  apt  to  be  most  difficult  to  delineate.   It  would  also  provide 
guidance  for  subsequent  allocation  of  reconnaissance  effort  that  would  be  more  specifi- 
cally directed  toward  tracing  the  actual  course  of  the  ecotones  in  typical  situations 
and  toward  developing  more  definitive  criteria  for  interpretive  mapping. 

In  many  other  parts  of  the  Northern  Rocky  Mountains,  habitat  type  mapping  of  forest 
land  promises  to  be  more  difficult  than  it  was  in  the  Coeur  d'Alene  National  Forest. 
Not  only  did  the  Coeur  d'Alene  have  an  unusually  good  network  of  roads  available  for 
reconnaissance,  but  the  degree  of  diversity  in  climate,  soils,  and  topography  was  com 
paratively  moderate.   More  variable  conditions,  such  as  are  being  encountered  in  western 
Montana,®  will  increase  the  number  and  distributional  complexity  of  habitat  types, 
making  the  need  for  competent  personnel  and  detailed  reconnaissance  even  more  imperative 
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R.  Daubenmire.   A  comparison  of  approaches  to  the  mapping  of  forest  land  for 
intensive  management.   For.  Chron.  48(2): 87-91,  illus.   1973. 

^Personal  communication  with  Robert  D.  Pfister,  Forest  Ecologist,  Intermt.  For. 
Range  Exp.  Stn.,  stationed  at  the  Forestry  Sciences  Laboratory  in  Missoula,  Montana. 
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Grand  fir/pachistima  habitat  type  as  represented  on 
a  mid- elevation  ridgetop  site. 


Photo  on  back  cover  shows  western  hemlock/pachistima  habitat  type 
as  represented  on  a  lower  north-facing  slope. 
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FOREWORD 


Ponderosa  pine  (Pinus  ponderosa  Laws.)  is  one  of  the  most  important  softwood 
species  in  the  United  States.  Because  of  its  extensive  range  and  economic  impor- 
tance, considerable  research  has  been  conducted  on  this  valuable  species.  The 
published  results  of  these  research  efforts  provide  an  impressive  number  of  refer- 
ences. Roe  and  Boel  compiled  the  initial  bibliography  with  references  through 
1949.  This  Supplement  updates  through  1970  the  bibliography  by  Axelton  (25)  and 
was  compiled  at  the  Boise  project  headquarters  of  the  Intermountain  Forest  and 
Range  Experiment  Station. 

References  have  been  limited  to  published  material.  A  partial  listing  of  theses 
and  citations  of  published  abstracts  of  papers  are  shown  separately  on  pages  59-63, 
but  are  not  included  in  the  Index.  A  few  foreign  publications  have  been  included, 
although  a  search  of  foreign  Literature  was  not  made.  Popular-type  articles  have 
been  omitted. 

The  subject  index  follows  the  Oxford  System  of  classification  for  forestry, 
except  in  a  few  cases  where  the  index  was  slightly  modified  to  simplify  the  pre- 
sentation of  subject  matter.  Articles  were  indexed  under  what  was  considered  the 
principal  topic,  but  no  reference  was  listed  under  more  than  three  subjects.  Mate- 
rial pertaining  to  forest  pests,  although  dealing  with  both  damage  and  control,  was 
indexed  under  "Damage.  "  Only  articles  dealing  primarily  with  control  were  indexed 
under  "Protection." 


^Arthur  L.  Roe  and  Kennethi  N.  Boe.  Ponderosa  pine  bibliography.  U.S. 
Forest  Service,  Northern  Rocky  Mountain  Forest  and  Range  Experiment  Station 
Paper  22,  74  p. ,  1950. 
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ABSTRACT 

A  recent  large-scale  study  of  prescribed  broadcast  burning 
in  western  Montana  required  the  development  of  a  system  for 
inventory  of  clearcut  logging  slash  fuels  before  and  after  fire 
treatment.  The  system  is  best  suited  for  inventorying  material 
which  tends  to  be  oriented  parallel  to  the  ground.  The  inventory 
system  uses  line  intercept  counts  to  compute  fuel  volume, 
weight,  and  surface  area.  3P  subsampling  is  used  to  inventory 
twigs  (0-1  cm  diameter).  Data  reduction  was  accomplished  with 
specialljf  written  computer  programs.  When  used  with  proper 
and  sufficient  subsampling  for  auxiliary,  collateral  data,  the 
system  is  well  suited  for  the  inventory  of  slash  fuels  in  many 
forest  types. 

OXFORD:  432:432. 16.  KEYWORDS:  fire  control,  slash  dis- 
posal (fuel  reduction),  fuel  inventory,  3P  subsampling,  planar 
intercept  sampling. 


INTRODUCTION 


A  large-scale  study  of  prescribed  burning  conducted  in  the  larch--Douglas-fir 
type  (SAF  type  212:Society  of  American  Foresters  1967,  p.  46)  in  western  Montana  re- 
quired the  development  of  a  system  to  inventory  clearcut  logging  slash  fuels  both 
before  and  after  treatment  by  broadcast  fires  of  varying  intensity.   This  paper  de- 
scribes the  theory,  sampling  design,  field  procedures,  and  data  processing  programs 
that  were  developed  for  the  inventory  system  applied  on  one  hundred  2  1/2-acre  plots. 
Plots  were  located  on  the  four  cardinal  exposures  and  on  slopes  ranging  from  10  to  70 
percent  to  offer  wide  range  of  fuel  loading.   The  experience  gained  in  the  installation 
and  measurement  of  the  approximately  7,000  sampling  points  involved  in  this  study  should 
be  of  value  to  others  who  may  wish  to  quantify  similar  slash  fuels. 


The  System  in  Brief 


Basically,  this  system  is  best  suited  for  inventorying  materials,  such  as  logging 
slash  or  windthrown  stands,  that  tend  to  be  oriented  parallel  with  the  ground.   The 
method  of  inventory  is  a  variation  on  the  line  transect  technique  of  sampling.   The 
theory  of  line-transect  measurements  views  intercepted,  horizontal  fuel  particles  as 
representative  of  the  total  mat  of  fuel. 

Determination  of  the  proper  level  of  sampling  and  subsampling  intensity  is 
achieved  through  the  same  techniques  used  in  such  other  mensurational  problems  as 
timber  cruising.   On  our  experimental  2  1/2-acre  plots,  we  found  that  66  transects, 
each  1  m  long,  adequately  represented  slash  components  less  than  10  cm  in  diameter. 
However,  this  sampling  intensity  may  not  be  suitable  at  other  locations  or  for  other 
sampling  objectives. 


The  system  requires  that  certain  basic  information  about  fuel  categories  be 
determined.   One  such  item  is  the  mean  diameter  of  particles  in  a  size  class  for  a 
given  fuel.   The  necessary  mean  diameters  for  this  study  were  generated  by  a  procedure 
described  later.   In  other  timber  types  it  will  be  necessary  to  generate  mean  diame- 
ters of  fuel  particles  within  each  size  class  for  each  additional  species  of  tree. 

In  the  3P  subsampling  system,  line  intercept  counts  are  used  to  compute  fuel 
volume,  weight,  and  surface  area.   If  duff  (the  partially  decayed  organic  matter  on 
the  forest  floor)  weight  per  unit  of  ground  area  is  desired,  a  duff  weight  per  unit 
of  volume  (bulk  density)  relationship  must  be  developed  as  outlined  later  in  this  text. 
Duff  bulk  density  varies  from  stand  to  stand  and  even  between  exposures.  VVhen  proper 
and  sufficient  subsampling  for  needed  mean  diameters  and  duff  bulk  density  are  used, 
slash  fuels  in  many  forest  types  can  be  described  by  the  system  outlined  in  this  paper. 

The  Problem 

Our  purpose  for  inventorying  the  organic  debris  on  logged  sites  was  to  assess  the 
influence  of  fuel  quantities  on  the  energy  released  during  prescribed  broadcast  fires. 
The  rate  of  energy  released  from  a  given  area  of  a  fire  is  often  called  the  fire  inten- 
sity, and  the  size  and  geometry  of  fuel  particles  have  an  influence  on  it.  Tree  species 
differ  in  their  branching  habit,  branch  size,  and  leaf  morphology,  thus  yielding  various 
ranges  of  fuel  sizes  and  loadings.   Due  to  its  matlike  physical  form,  duff  may  also  be 
a  fuel  th.rt  influences  fire  intensity.   Because  of  the  complex  variations  in  fuel  bed 
structure  and  composition,  a  simple  expression  of  total  fuel  weight  per  unit  area  is 
not  sufficient  to  describe  the  energy  released  from  a  prescribed  fire. 

Logging  slash  consists  of  the  tops,  limbs,  and  leaves  of  harvested  trees.   In 
addition,  there  are  whole  cull  trees  and  logs,  noncommercial  trees  which  are  felled 
during  the  harvest  operation,  and  the  existing  organic  forest  floor.   The  forest  floor 
has  a  highly  irregular  interface  with  the  mineral  soil  accentuated  by  partially  buried 
logs,  decayed  stumps,  and  protruding  rocks. 

Some  of  the  more  important  factors  which  combine  to  complicate  the  fuel  bed  on 
any  given  clearcut  site  are: 

1.  Steep  slopes  may  influence  the  orientation  and  distribution  of  fallen  fuels. 

2.  Changes  in  exposure,  even  within  short  distances,  may  have  a  profound  effect 
on  site  productivity,  thus  resulting  in  variations  in  fuels. 

3.  Trees  can  be  felled  so  that  all  tops  are  parallel  and  lying  on  the  contour, 
or  they  may  be  felled  in  a  random  fashion. 

4.  Skid  trails  may  be  tractor  width,  scraped  to  bare  mineral  soil;  or  they  may 
be  narrow,  multiple  strips  characteristic  of  cable  skidding.  They  can  alter  fuel 
distribution  considerably. 

5.  Tree-length  skidding  often  results  in  disproportionate  accumulations  of 
treetops  and  limbs  directly  beneath  jammer  or  high-lead  settings,  or  in  rows  between 
a  network  of  skid  trails. 

6.  Utilization  standards  profoundly  influence  the  amount  of  larger  fuel  particles 
left  on  a  site. 

Thus,  a  sufficiently  definitive  inventory  was  needed  to  allow  statistical  com- 
parisons between  various  fuel  complexes  and  resulting  fire  characteristics,  responses, 
and  effects. 


Literature  Review 

Recent  measurements  of  logging  slash  characteristics  in  the  interior  Douglas-fir 
forest  type  employed  destructive  sampling  methods  (Steele  and  Beaufait  1969) .   Data 
collected  from  forty  2-m-long  transects  revealed  that: 

1.  Particles  larger  than  10  cm  diameter  are  rarely  consumed  by  broadcast  fires. 

2.  High  internal  variation  in  slash  fuel  loading  dictates  the  need  for  many 
measurement  points  within  a  fuel  bed  to  reduce  errors  of  estimate. 

5.   Destructive  sampling,  at  the  density  required  by  the  internal  variability, 
results  in  alteration  of  the  experimental  material,  and  is  uneconomical  on  large-scale 
studies . 

4.  Nondestructive  sampling  of  logging  slash  using  vertical  planar  transects  is 
precise  enough  to  provide  inputs  for  fire  intensity  comparisons. 

5.  Short  transects  are  easier  to  tally  accurately  than  are  long  transects. 

Warren  and  Olsen  (1964)  applied  long- line  transect  procedures  to  an  inventory 
of  logging  slash  in  New  Zealand.   Their  study  pointed  out  the  importance  of  particle 
orientation  with  reference  to  the  transect  line.   In  1967,  Beaufait^  outlined  a 
method  for  describing  all  slash  and  duff  components  through  a  series  of  randomly 
oriented,  1-m-long  vertical  planes.   VanWagner  (1969)  derived  an  equation  useful  in 
inventory  of  randomly-oriented  slash  particles.   Brown  (1971)  expanded  the  mathematical 
model  to  accept  a  wide  range  of  fuel  conditions  having  particles  of  several  shapes 
intersecting  the  sampling  plane  at  all  possible  angles. 

Slash  sampling  is  painstaking  and  time-consuming  work.   Sound  statistical  pro- 
cedures and  efficient  subsampling  are  required  to  reduce  the  costs  of  inventory. 
Counting  up  to  1,000  particles  on  each  of  thousands  of  transects  is  not  economically 
feasible.   The  system  described  in  this  paper  substitutes  a  combination  of  estimates 
and  counts  corresponding  to  Grosenbaugh 's  (1965)  3P  subsampling  procedures.   A  descrip- 
tion of  the  method  and  our  refinements  is  given  later. 

Likewise,  it  is  impractical  to  count  tree  needles  and  components  of  the  forest 
floor  on  a  large  number  of  transects.   Fahnestock  (1960)  and  Chandler  (1960)  published 
tables  of  needle  weight  for  many  western  conifers.   We  emulated  Brown's  (1965)  work 
with  red  and  jack  pine  by  subsampling  needle-weight  to  branch-weight  ratios,  handling 
each  species  separately.   Equations  for  calculating  volume  and  surface  area  of  needles 
per  unit  of  branchwood  were  published  by  Brown  (1970)  . 

Duff  is  best  characterized  by  an  empirical  relationship  between  duff  depth  and 
duff  weight.   Weight  per  unit  of  volume,  or  gross  bulk  density,  can  thereby  be  computed. 


^William  R.  Beaufait.   Prescribed  fire  cooperative  study--Region  1-INT.   Study 
Plan  No.  FS-INT-2102-12,  on  file  at  the  Northern  Forest  Fire  Laboratory,  Tntermountain 
Forest  and  Range  Experiment  Station,  Missoula,  Mont.   1967. 


INVENTORY  DESIGN 


Layout  of  Sampling  Areas 


Three  blocks  of  study  units- -Coram,  Miller  Creek,  and  Newman  Ridge- -were  sampled 
during  development  of  the  inventory  system.   The  sampling  points  were  distributed 
mechanically  over  each  of  the  experimental  burning  units.   Figure  1  illustrates  the 
three  sampling  patterns.   At  Coram,  sampling  points  were  placed  at  the  intersections 
of  a  1-chain  grid  superimposed  on  a  25-acre  unit  of  slash.   X  and  Y  base  lines  of  the 
grid  were  located  at  random.   Each  sampling  point  was  designated  by  its  X  and  Y  values 
The  square  grid  layouts  used  at  Miller  Creek  and  Newman  Ridge  proved  to  be  superior 
from  a  practical  standpoint  in  the  field. 

At  our  second  study  block.  Miller  Creek,  we  chose  to  sample  intensively  the  fuels 
in  a  central  2  1/2-acre  plot  within  each  10-acre  unit,  leaving  the  border  area  as  an 
isolation  strip.   On  each  of  the  first  five  units,  231  points  were  sampled.   Analyses 
of  these  five  units  indicated  that  sample  size  on  the  remaining  55  units  of  this  study 
could  be  reduced  to  66  points  without  significant  loss  in  precision.   The  subsampling 
ratio  for  sampling  the  twigs  (<1  cm  diameter)  was  determined  from  analysis  of  these 
first  five  units.   At  Newman  Ridge  three  2  1/2-acre  plots,  each  having  66  sample 
points,  were  installed  in  each  of  the  large  units  (fig.  1)  .   Again,  the  required 
number  of  points  may  be  di  f-Pf^rent  at  other  locations  or  for  other  objectives. 

Fuel  Size  Classes 

Western  coniferous  slash  fuels  may  be  conveniently  grouped  into  five  classes  of 
different  physical  characteristics: 

1.  Leaves    (needles) ,   suspended  above  the  forest  floor 

2.  Duff   (the  partially  decayed  organic  material  in  the  F  and  H  layers  of  the 
forest  floor) 

3.  Twigs,   woody  particles  (<1  cm  diameter) 

4.  Branches,   woody  particles  (1-10  cm  diameter) 

5.  Stems,    the  tops  of  trees,  or  cull  logs  (>10  cm  diameter) 


CORAM   BLOCK 


60       62       64       66 
POINT   NUMBERS 


TYPICAL  UNIT  FROM 
MILLER  CREEK  BLOCK 


TYPICAL  UNITS  FROM 
NEWMAN  RIDGE  BLOCK 


Figure   1. — Three  slash  fuel  sampling  patterns.      Each  has  advantages^   depending 

on  inventory  objectives . 


Diameter  is  always  measured  at  the  point  of  intercept  by  a  sampling  plane  as  shown 
in  figure  2.  Material  less  than  10  cm  in  diameter  occurring  as  central  stems  of  brush 
or  small  trees  was  grouped,  depending  on  its  diameter,  with  twigs  or  branches.   Fuels 
larger  than  10  cm  in  diameter  were  further  grouped  into  classes  which  are  multiples  of 
10  cm  (i.e.,  11-20,  21-30,  ...81-90  cm). 

We  gave  emphasis  to  the  distribution  of  needle-bearing  twigs  because  fire  spread 
and  intensity  in  broadcast  fires  are  largely  dependent  upon  the  quantity  of  small 
diameter  fuel  particles  present.   This  approach  required  tolerance  of  relatively  large 
errors  in  the  numbers  of  large  stems  because  fuels  greater  than  10  cm  in  diameter  are 
rarely  as  well  distributed  as  are  fine  fuels.   The  same  is  true,  to  a  lesser  degree, 
for  fuels  between  1  and  10  cm  diameter. 

The  following  sections  deal  with  special  features  of  sampling  the  five  previously 
described  fuel  classes. 

Sampling   leaves    (needles) .--Needle   volume,  weight,  and  surface  area  are  important 
measures  of  fuel  loading.   They  are  most  easily  expressed  as  functions  of  the  number 
of  leaf-bearing  woody  intercepts  <1  cm  in  diameter.   To  this  end  we  collected  25  twigs 
of  each  species  from  random  locations  in  slash  on  all  exposures.   Sample  twigs  were 
clipped  at  their  junction  with  branches  or  stems  larger  than  1  cm.   If  the  twig  tapered 
into  a  larger  particle,  only  that  portion  less  than  1  cm  was  included  in  the  sample. 

All  samples  were  ovendried  at  105°C,  and  then  the  needles  were  stripped  off.   The 
woody  twigs  and  needles  from  each  sample  were  weighed  separately.   One  hundred  randomly 
selected,  ovendried  needles  from  each  sample  were  then  counted  out  and  weighed.  From 
those  data,  we  calculated  a  needle-to-branch  weight  ratio  for  each  species,  and  the 
average  weight  per  needle.   Measurements  of  specific  gravity  and  volume  provided  for 
subsequent  conversions  of  weight  to  volume  and  surface  area  for  all  needles  on  the 
sampled  area. 

Sampling  duff. — Duff  is  both  a  major  source  of  fuel  and  the  object  of  fire  treat- 
ment. Duff  depth  and  bulk  density  are  important  parameters  that  vary  with  slope,  site 
quality,  and  exposure. 

Using  a  cylindrical  steel  soil  sampler  we  collected  12.7-cm  (5-inch)  diameter 
duff  cores  at  25  random  locations  on  each  of  four  exposures  at  both  Miller  Creek  and 
Newman  Ridge;  and  we  measured  the  depth  to  mineral  soil  (to  the  nearest  0.5  cm)  along 
opposing  sides  of  the  hole  created  by  the  soil  sampler.   The  duff  cores  were  ovendried 
to  a  constant  weight  at  105°C  to  provide  data  necessary  in  calculating  bulk  density 
and  depth/weight  ratios  for  each  sample.   The  weight  of  incorporated  mineral  matter 
was  subtracted  from  the  total  dry  weight  after  burning  each  sample  at  600°C  and  weighing 
the  mineral  residue  to  arrive  at  total  organic  content. 

Regressions  of  duff  weight  on  depth  were  developed  for  each  cardinal  exposure  on 
each  experimental  block.   The  regression  equations  were  sufficiently  different  to 
warrant  stratification  of  duff  data  by  exposure.   These  equations  are  specific  to  the 
blocks  sampled  for  this  study  and  may  not  apply  to  duff  from  other  locations.   Subse- 
quently, the  duff  depth  was  sampled  in  the  field,  and  duff  weight  per  unit  of  area  was 
computed  by  using  the  depth-weight  regression  equation  that  applied. 

Sampling  twigs    (<1   om)  .--The   sampling  of  woody  m.aterial  less  than  1  cm  in  diameter 
(twigs)  consists  of  two  phases:   First,  the  number  of  particles  intercepted  by  a  1-m- 
long  vertical  plane  is  estimated  at  all  of  the  sample  points  on  a  unit.   Second,  fuel 
particles  are  actually  counted  on  a  randomly  selected  subsample  of  these  points.   The 
probability  that  a  sample  point  will  be  chosen  for  counting  is  made  proportional  to 
the  number  of  twigs  estimated  at  that  point  (Cochran  1963) . 


JACOB'S  STAFF 
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Our  sampling  scheme  follows: 

1.  A  set  of  sample  points  is  distributed  systematically  over  the  study  unit  (plot) . 

2.  A  series  of  random  number  lists  having  different  mean  values  is  prepared. 

Each  field  lonit  is  assigned  an  ocular  estimate  of  the  average  number  of  twigs  per  sample 
point.   Based  on  this  ocular  estimate,  a  list  is  selected  from  the  series  for  subsamplinj 
that  unit. 


3.  The  ratio  of  points  at  which  counts  are  made,  to  the  total  number  of  points 
per  unit,  is  calculated  to  minimize  the  sampling  variation. 

4.  An  observer  uses  the  expected  fuel  density,  the  sampling  ratio  described  in 
item  3  above,  and  the  list  of  random  integers;  and  visits  each  of  the  sampling  points 
and  performs  the  actual  field  procedure  as  outlined  in  the  "Field  Procedure"  section 
of  this  text. 


Sampling  branches   (>1  amy    <10   cmj. --Woody  particles  with  diameters  between  1  and 

10  cm  were  classed  as  branches.   Generally,  we  found  fewer  than  10  particles  in  this 

size  class  intercepted  each  of  our  1-m-long  planes.  Clearly,  counting  was  more  effi- 
cient than  estimating  these  numbers,  so  all  1-10  cm  intercepts  were  counted. 

Sampling  stems    (>10  am)  .--V)e   tallied  approximately  one  intercept  greater  than 
10  cm  per  sampling  point.   Different  utilization  standards  would  undoubtedly  cause  this 
to  change.  These  intercepts  were  cull  logs,  long  butts,  or  unmerchantable  boles  and 
tops.   Each  stem  was  tallied  by  its  diameter  (to  the  nearest  10  cm)  at  the  point  of  its 
interception  with  the  1-m  sampling  plane. 

ColloterQl  Meosuremenls  and  ComputoUons 

Specific  gravity .- -^ oody   fuels  were  not  weighed  in  the  field;  rather,  fuel  volumes 
were  computed  from  the  twig,  branch,  and  stem  sample  data  gathered  in  the  planar  inter- 
cept sampling.   Conversion  from  volume  to  weight  requires  values  of  specific  gravity 
for  each  size  and  species  of  woody  fuel  sampled.   We  used  published  data  (USDA  Forest 
Service  1955)  for  specific  gravity  of  stems  and  branches.   Specific  gravity  figures 
for  smaller  twigs  were  lacking,  so  a  number  of  twigs  of  each  species  pertinent  to  our 
study  were  measured  and  weighed  to  establish  the  needed  specific  gravity  values. 

Specific  gravity  determinations  were  made  in  terms  of  ovendry  weight.   The  volume 
was  measured  at  field  moisture  levels.   Three  segments  were  cut  from  25  twigs  of  each 
species.   These  segments,  at  least  2  cm  long,  represented  the  base,  midpoint,  and  tip 
sections  of  the  twigs.   After  a  period  of  curing  to  typical  summertime  field  conditions 
(7-percent  moisture  content) ,  the  diameters  of  the  segments  were  measured  and  each  was 
immersed  in  mercury.  The  displacement  of  mercury  was  used  to  determine  volume.  They 
were  then  ovendried  and  weighed.  From  these  volume  and  weight  measurements  specific 
gravity  was  computed. 

Mean  diameters .--Mean   diameters  for  material  0-1  cm  in  diameter  (twigs),  by 
species,  were  required  for  use  in  volume  calculations.  Needle-bearing  twigs,  as  pre- 
viously described  under  "Sampling  Leaves^"   were  used.  The  total  lengths  of  the  twigs 
were  measured,  along  with  their  diameters,  at  10-cm  intervals.  The  diameters  of  tip 
segments  less  than  10  cm  long  were  measured  at  the  segment  midpoint.   Over  10,000 
diameter  measurements  were  made.   From  these  measurements  a  weighted,  average  green 
diameter  was  calculated  for  each  species.  Samples  were  gathered  from  two  widely 
separated  experimental  blocks,  and  we  found  no  significant  differences  in  mean  diameters 
between  the  blocks.   Therefore,  the  data  for  each  species  from  both  blocks  were  pooled. 

In  order  to  compute  mean  diameters  of  branch-size  material  (1-10  cm),  line  tran- 
sects were  tallied  in  the  field.   On  both  experimental  blocks,  the  diameters  of  over 
100  branches  of  each  of  seven  species  were  measured  along  randomly  oriented  lines .  As 
with  twigs,  branch  mean  diameters  were  not  significantly  different  between  blocks. 

Surface   areas. --Twigs,  branches,  and  stems  were  assumed  to  be  circular  cylinders 
with  diameters  equal  to  the  mean  diameter  of  their  respective  size  class.  We  followed 
procedures  outlined  by  Brown  (1970)  to  determine  the  surface  area-to-volume  ratio  of 
leaves  and  needles. 

Volume  computations .- -The   1-m-long  vertical  sampling  planes  were  randomly  ori- 
ented in  relation  to  the  direction  of  slope.  They  were  bounded  beneath  by  the  upper 
surface  of  the  organic  forest  floor  (litter  surface) ,  and  above  by  the  highest  fuel 
particle  passing  through  the  plane.   Assuming  the  fuel  particles  are  circular  in  cross 
section  and  pass  through  the  plane  at  all  angles,  we  used  the  following  formula  to 
compute  volume  of  fuel  sampled  on  the  study  units  (derivations  and  discussion  of  theory 
were  fully  covered  by  Brown  [1971]) : 


V=L  "-i'-' 


8 
where : 

V  =  voluune,  cm^ 

L  =  length  of  fuel  particles  at  right  angles  to  the  plane  (set  at  1  m) 

n  =  number  of  intercepts,  by  species  and  size  class 

d  =  mean  diameter  of  the  species  and  size  class,  cm 

Computation  of  volume  of  fuel  is  done  in  a  computer  program.  As  an  example,  the 
volume  of  fuel  on  a  unit,  in  the  1-10  cm  class,  is  computed  as  follows: 

V  =   Vi     =  LT  -^       D.  P. 

•  1  8.^11 

1=1  1=1 

where: 

V  =  volume  of  fuel  on  the  unit  in  the  1-10  cm  class 

Vi  =  volume  of  fuel  on  the  unit,  in  the  1-10  cm  class,  for  individual  species  (i) 

L  =  assumed  length  of  all  intercepts  (1  m) 

D.2=  the  average  square  diameter  of  the  i   species  in  this  size  class 

i  =  a  number  code  (1-9)  for  species 

T  =  the  number  of  intercepts  in  the  1-10  cm  size  class  for  this  unit 

p.  =  the  percent  frequency  for  the  i   species 


FIELD  INVENTORY  PROCEDURES 


Once  the  optimum  number  of  sampling  points  for  any  given  inventory  job  has  been 
determined,  a  satisfactory  distribution  of  the  points  is  necessary.  Our  experience 
has  been  that  a  reasonably  uniform,  rectangular  grid  is  most  suitable  for  efficient, 
objective  sampling  in  logging  slash.  As  previously  described,  our  final  arrangement 
on  each  2  1/2-acre  plot  was  a  grid  with  1-  by  1/2-chain  intervals,  for  a  total  of  66 
sample  points. 


Field  Equipment  and  Supplies 


Following  is  a  list  of  necessary  items  to  be  carried  by  inventory  crews.  IVhile 
not  bulky,  they  are  best  stored  in  a  many-pocketed  vest.  Small  items  should  be  tied 
to  the  vest  to  prevent  loss  in  the  slash. 


Item 


Use 


Hand  compass  that  is  declination- 
corrected,  and  has  360°  markings , 


Plot  layout  and  transect 
exposure  measurement. 


One-chain  trailer  tape  with  topo- 
graphic corrections. 


Plot  layout  and  measurement  of 
distances  between  transects. 


Abney  level  marked  with  percent 
scale. 


Slope  measurements  for  chaining 
adjustments  and  to  record  slope 
percent  at  each  transect. 


Jacob's  staff,  attached  meter 
stick,  and  level. 


Planar  transect  establishment 
and  delineation  of  edges. 


Port-a-Punch  board,  stylus,  and 
cards. 


Data  recording. 


6.   Steel  pocket  tape, 


Measure  slash  depth,  duff  depth, 
and  large  log  diameters. 


Gaming  die  in  clear  plastic 
container. 


Random  orientation  of  transects. 


8.  Pocket-size  veniei  calipers, 

9.  Random  number  list. 


Measure  marginal  twig  diameters, 

Determining  whether  0-1  cm 
intercepts  must  be  counted. 
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Laying  Out  the  Grid 


It  is  usually  most  efficient  to  lay  out  the  sampling  grid  prior  to  any  inventory 
work.   Inventory  personnel  must  exercise  great  care  to  avoid  bias  in  the  location  of 
the  grid  intersections.   Each  intersection  is  a  sample  point,  and  the  quantity  or  posi- 
tion of  slash  present  must  not  influence  judgment  about  point  location. 

Sampling  a  Point 

step   1:      Erect  a  Jacob's  staff  and  attached  meter  stick  (fig.  3)  at  the  sample  point. 

Step   2:      Roll  the  die  to  determine  meter  stick  orientation.   Multiply  die  value  by 
30°,  which  gives  the  angle  the  meter  stick  should  make  with  the  contour. 
The  meter  stick  is  then  leveled. 

Step   3:      Record  the  exposure  of  each  sample  point  to  the  nearest  10°N.  azimuth. 

Step  4:      Measure  slope  with  an  Abney  level  and  record  to  nearest  10  percent. 

Step   5:      Record  duff  depth  to  the  nearest  1  cm  from  the  mean  of  three  measurements. 

Normally  the  duff  measurements  will  be  made  at  points  below  the  0-,  50-,  and 
100-cm  divisions  of  the  meter  stick.   (Duff  depth  is  the  vertical  distance 
from  the  undisturbed  duff  surface  down  to  the  surface  of  mineral  soil.) 

Step   6:      Slash  depth  is  the  vertical  distance  from  the  duff  surface  to  the  highest  fuel 
particle  passing  through  the  sampling  plane.   Measure  this  depth  with  the  steel 
tape  and  record  to  the  closest  decimeter. 

Step  7:  Discontinuities  in  the  duff  are  observed  along  the  line  of  intersection  of 
sampling  plane  with  the  earth.  The  portion  of  this  line  comprised  of  bare 
mineral  soil  is  recorded  to  the  nearest  10  percent. 

Step   8:      Up  to  three  tree  species  contributing  to  the  slash  at  a  sampling  point  are 

identified  and  ranked  in  order  of  their  percent  of  contribution.   Proportions 
of  aerial  fuels  in  the  0-1  cm  diameter  class  for  the  two  most  common  species 
present  are  recorded  to  the  nearest  10  percent.   It  is  assumed  that  a  third 
species,  if  noted,  makes  up  the  remaining  percentage.   A  more  extensive  and 
precise  listing  may  be  designed  and  used  if  needed  for  fuels  at  other  locations. 

Step  9:      Next,  tally  number  of  twigs  (0-1  cm) .   Make  an  ocular  estimate  of  the  number 
of  twigs  intercepting  the  sampling  plane.   Record  this  estimate,  then  read 
the  next  number  on  the  list  of  random  numbers. 

If  the  random  number  is  less  than  the  estimated  number  of  intercepts, 
but  not  zero,  make  a  count  of  the  twigs.  Always   count  the  sample  point  when 
the  estimate  of  fuel  density  exceeds  a  preassigned,  estimated  maximum  fuel 
density  for  the  unit,  regardless  of  the  value  of  the  next  random  number. 

Step   10:   Then  count  the  number  of  branches  (1-10  cm  diameter)  and  record. 

Step  11:    Measure,  at  the  point  of  interception  with  the  plane,  the  intercepts  larger 

than  10  cm  in  diameter  and  record  the  diameter  to  the  nearest  decimeter.   (If 
the  centerline  of  an  intercept  passes  through  the  sampling  plane,  it  is 
recorded.) 

Step   12:    Record  the  appropriate  code  if  the  sampling  point  falls  on  a  skid  road  or  other 
cultural  feature. 
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Figure  Z. -Sampling  planar  transects  in  interior  Douglas-fir  logging  slash.     Note  the 

Jacob's  staff  base  for  the  meter  stick. 
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FIELD  DATA  RECORDING  SYSTEM 


For  our  purposes    in   the   field,    punching  of  data  on  prescored,    40-column   machine 
cards   proved  most   efficient.    IBM  Port-a-Punch   cards    and  accessory  holders  were  used. 
We   also   found  that   overprinted    legends   on   the   field   cards    reduced  errors   in  reading 
and  punching.      Sample   cards   and  holder  are   shown   in   figure  4. 


Figure   4. — Port-a-Punah  cards,    holder,    overlay,    and  stylus.      Note   the  blank  presaorea 
cards  on  the   left.     A  scribed  plastic  overlay  at   lower  right  designates  columns. 
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REDUCTION  OF  DATA 


Preporotion  of  Auxiliary  Doto 


Computation  of  sampling  statistics  for  twigs    (<1  am  obtained  by  3P  subsampling)  .--\ie 
define  density  of  twigs  as  the  average  number  of  O7I  cm  fuel  intercepts  per  unit  of 
area  encountered  on  a  plot  (unit) .   Density  and  its  variance  are  useful  statistics  in 
comparing  the  fuel  loading  of  one  plot  with  another.   3P  fuel  sampling  should  be  designed 
to  minimize  the  variance  of  the  density  estimates. 

The  estimated  density  of  twigs  (D)  is  the  corrected  total  number  of  0-1  cm  inter- 
cepts for  all  sample  points  divided  by  the  number  of  sample  points  and  multiplied  by 
an  area  conversion  factor  (F) .   It  is  computed  as  follows: 


n 
^  YKPI 


m 


YI 


YKPI 


where  F  is  the  conversion  factor  from  a  1-m  transect  to  a  unit  of  area. 

The  notation  used  in  this  section  follows  that  of  Grosenbaugh  (1965),  T  is  the 
estimated  total  number  of  twigs  for  all  sample  points  on  a  plot,  corrected  for  observer 
bias.  That  is: 


T  =  Y.   ^-^fi  *  ^  L  (ySt) 


where: 


n  =  the  number  of  sample  points  on  the  plot 

YKPI  =  the  estimate  of  twigs  at  each  sample  point 

YI  =  the  count  of  twigs  at  each  sample  point  where  a  count  was  made 

m  =  the  number  of  points  at  which  counts  were  made 


An  approximation  for  the  variance  of  the  estimate  T  is  VT. 

2      /    \      /    \ 


VT  =  n 


*  V  (ykpi)  +  (ykpi)^  *  V  [Jl. 


^YKPI 


+  2  YKPI 


'   YI  ' 

/ykpi 


*  GOV  YKPI, 


YI 
YKPI. 


where 


YI 

YKPI 


is  the  mean  ratio  of  the  count  to  the  estimate,  and  YKPI   is  the  mean 


estimate,  and  V  YKPI   is  the  variance  of  the  mean  estimate,  and  V 

yT 


YI 


is  the  variance 


of  the  mean  ratio,  and  GOV  YKPI, 


YKPI 


YKPI 
is  covariance  of  mean  estimate  to  the  mean 


ratio.   The  sample  estimates  of  the  above  variances  and  the  covariance  are  given  below, 
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11 

1 


YKPI 


GOV  (YKPI, 


n 

'  m      \2 

.^    YKPI/ 


">      z  YKPI  y 

V  YI  -  ±:^ — 


YI 
YKPI 


Generating  the  random  number  table. --For   use  in  this  sampling  scheme,  it  is 
advantageous  to  use  the  computer  program  "THRP"  by  Grosenbaugh  (1965)  to  prepare  the 
list  of  random  numbers  for  each  plot.   The  program  input  parameters  are  defined  by 
Grosenbaugh  in  terms  of  the  average  expected  YKPI  for  the  plot,  the  desired  number  of 
sample  points,  and  the  desired  number  of  subsample  points  (points  at  which  the  0-1  cm 
particles  are  counted) . 

Preliminary  sampling .--V or   each  unit  inventoried,  a  sample  density  (the  average 
number  of  pieces  of  fuel  per  sample  point)  and  the  variance  of  the  density  are  computed 
for  each  fuel  size  class.   Using  these  two  statistics,  we  have  a  point  estimate  of  the 
fuel  load  on  each  plot  and   an  estimate  of  the  variation  in  fuel  placement  on  the  plot. 
Confidence  statements  about  the  fuel  density,  or  tests  for  difference  between  plots, 
can  also  be  constructed  from  these  statistics. 


Doto  Processing  Computer  Progroms 


Because  the  amount  of  data  accumulated  by  slash  fuel  inventory  is  so  massive, 
machine  processing  is  necessary.  We  compiled  plot  summaries  having  estimates  of  average 
fuel  density  and  standard  error  of  that  estimate,  by  fuel  type.   It  may  be  of  interest 
to  readers  that  we  employed  the  inventory  system  to  inventory  the  fuels  again  after 
fire  treatment.   Data  from  both  the  preburn  and  postburn  inventories  were  processed 
with  the  same  programs.   Because  the  programs  were  written  specifically  for  this  study 
they  should  not  be  considered  to  be  general  purpose  summary  programs  and  may  not  be 
suitable  for  use  with  other  sampling  schemes.  However,  for  those  interested,  the 
programs  and  ADP  card  codes  are  on  file  at  the  Northern  Forest  Fire  Laboratory,  Missoula, 
Montana,  in  mimeograph  form,  entitled  "Data  Log,  ADP  Card  Codes,  and  Programs." 

The  three  major  programs  used  for  processing  our  field  inventory  data  are  briefly 
described  below: 

1.  Fuel  Inventory  Program^    "5P". --The  input  to  this  program  is  preburn  inventory 
data  arranged  by  plot.  The  program  computes,  punches  on  cards,  and  prints  out  an 
adjusted  estimate  of  the  average  density  of  fuels  in  the  0-1  cm  size  class.  Other 
statistics,  such  as  species  distribution,  are  also  printed  out. 

2.  "Tally-2" .--l\\is   program,  together  with  its  subroutines,  averages  all  fuel 
sizes  except  the  0-1  cm  class.   Preburn  and  postburn  inventory  data  are  input. 

3.  "FIRESUM" .--This   program  computes  estimates  of  fuel  volume,  surface  area, 
and  weight  by  size  class.   Its  input  is  the  output  from  "3P"  and  "Tally-2"  plus 
other  data  on  species  characteristics. 
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INVENTORY  RESULTS 


Table   1   is   an  example  of  fuel   inventory  summary  data  obtained  by  methods   outlined 
earlier--in  this   case,    fuel  weight   classified  by  size   and  exposure.      Alternatively, 
either  fuel   volume  or  surface   area  by  species   could  have  been  presented  along  with 
measures   of  central  tendency. 


Table   I. --Fuel  weights  before  burning  by  size  class  and  exposure 


Size  classes 

0-1 

1-10       : 

10  + 

:     Needles 

Exposure 

: Standard 

Standard  :      : 

Standard 

:     :  Standard 

Mean 

■deviation 

Mean 

deviation  :  Mean: 

deviation 

:  Mean : deviation 

. 



Kilograms /square  meter  -  -  - 

MILLER  CREEK 

North 

0.30 

0.07 

2.17 

0.73      24.17 

6.13 

0.37    0.09 

East 

.31 

.05 

2.31 

.61      21.28 

4.17 

.37     .07 

South 

.26 

.05 

2.29 

.59      24.11 

5.59 

.31     .07 

West 

.28 

.08 

1.92 

.57      22.67 

5.01 

.33     .09 

Average 

.29 

.07 

2.17 

.67      23.06 

5.35 

.35     .09 

Range 


Low  unit 

.19 

1.03 

11.87 

.19 

High  Unit 

.51 

3.76 

NEWMAN 

33.65 
RIDGE 

.59 

North 

.24 

.07 

1.93 

.29 

24.18 

6.42 

.38 

.14 

East 

.17 

.05 

2.23 

.67 

18.95 

3.36 

.20 

.06 

South 

.32 

.08 

3.61 

1.13 

18.68 

4.30 

.44 

.21 

West 

.29 

.10 

3.09 

1.23 

22.04 

4.64 

.38 

.18 

Average 

.26 

.09 

2.71 

1.09 

20.96 

5.05 

.35 

.18 

Range 

Low  unit 

.11 

1.56 

13.94 

.12 

High  Unit 

.42 

4.77 

34.20 

.70 
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ABSTRACT 


Man  disturbs  his  environment  by  digging  into  the  earth 
to  obtain  minerals  that  satisfy  his  needs.    Society 
benefits  in  many  ways,  but  in  the  process  large  areas 
may  be  defiled  and  waters  polluted.    In  the  case  of 
surface  mining  for  coal  in  the  Northern  Great  Plains, 
reclamation  may  be  possible. 

The  Northern  Great  Plains  coal  province  occupies 
approximately  141,448  square  miles.    Of  this,  about 
4,062  square  miles  (2.8  percent)  of  the  area,  are 
underlain  by  surface  mineable  coal  deposits. 

An  emerging  environmental  quality  problem  in  the 
Northern  Great  Plains  is  rehabilitation  of  the  spoils 
left  in  the  wake  of  mining  these  coal  deposits.    Needed 
are  criteria  and  guides  for  predicting  rehabilitation 
potentials  and  limitations  on  various  kinds  of 
surface-mined  lands.     Equally  important  is  the  need 
to  define  and  prescribe  rehabilitation  treatments  for 
different  kinds  of  land,  and  posttreatment  management 
measures. 

Important  factors  influencing  the  potentials  of  different 
kinds  of  land  for  growing  vegetation  and  also  their 
rehabilitation  with  vegetation  are  (1)  amount  and 
distribution  of  precipitation,  (2)  soil  productivity  and 
stability,  and  (3)  suitability  and  availability  of  plant 
materials  for  rehabilitation  purposes.    These  factors 
provide  the  basis  for  classifying  surface  mineable 
lands  in  the  Northern  Great  Plains  into  areas  that  can 
reasonably  be  assumed  to  have  different  potentials  for 
supporting  seeded  and  planted  vegetation.    These  areas 
of  land  have  been  named  rehabilitation- response  units. 

Approximately  86  different  kinds  of  rehabilitation- 
response  units  involving  146  different  areas  of  land 
comprise  the  surface  mineable  lands  of  the  Northern 
Great  Plains.    Sixteen  coal  surface  mines  and  three 
bentonite  surface  mines,  located  on  14  kinds  of 


rehabilitation -response  units,  have  a  history  of 
rehabilitation  research  or  of  action  programs.    These 
histories  provide  some  short-term  evaluations  of 
success  for  comparison  with  predicted  potentials. 

Results  of  actual  rehabilitation  efforts  indicate  the  need 
for  certain  constraints  concerning  disposition  of  toxic 
spoils,  steepness  of  slopes,  mulching,  use  of  fertilizers, 
application  of  soil  amendments,  and  irrigation.    If  such 
constraints  are  recognized  and  observed,  the  potential 
for  successful  rehabilitation  of  surface-mined  lands 
in  the  Northern  Great  Plains  ranges  from  fair  to 
excellent.    Sites  that  have  the  highest  rehabilitation 
potentials  occur  in  rehabilitation-response  units 
characterized  by  productive  and  stable  soils,  suitable 
and  available  plant  species,  and  adequate  amounts  of 
precipitation.    In  general,  these  high  potential  sites  are 
in  west-central  North  Dakota.    Surface  mineable  sites 
that  have  intermediate  rehabilitation  potentials  occur 
predominantly  in  southeastern  Montana  and  extreme 
western  North  Dakota.    Sites  that  have  the  poorest 
potentials  for  rehabilitation  occur  in  northeastern 
Wyoming  and  northeastern  Montana,  where  rehabilitation- 
response  units  are  characterized  by  poorly  productive 
soils,  low  amounts  of  precipitation,  and  native  species 
that  grow  slowly  and  are  difficult  to  obtain  for 
rehabilitation  purposes. 

Fortunately,  those  portions  of  the  Northern  Great 
Plains  that  present  the  most  difficult  rehabilitation 
problems  are  also  the  smallest  areas  to  be  disturbed 
for  a  given  amount  of  extracted  coal.    Conversely,  the 
easiest  rehabilitation  problems  exist  in  those  portions  of 
the  Northern  Great  Plains  where  the  greatest  areas  of 
disturbance  take  place  per  unit  of  extracted  coal. 


OXFORD:    911:268.41     . 
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INTRODUCTION 


Adverse  effects  on  the  environment  caused  by  surface  coal  mining  are  major  national 
concerns.   Americans  are  aware  that  the  quality  of  life  is  directly  related  to  the 
quality  of  the  environment.   Ever-increasing  demands  for  coal,  a  primary  energy  source, 
coupled  with  technological  advancement  in  extraction  techniques,  have  increased  surface 
mining  of  coal.   Mining  and  processing  coal  for  energy  utilization  have  often  resulted 
in  what  is  now  perceived  to  be  unacceptable  degradation  of  the  environment.   Effects 
on  the  environment  have  varied,  mainly  in  degree  rather  than  in  kind.   Surface  coal 
mining  has  not  been  a  major  contributor  to  air  pollution.   However,  processing  coal 
by  combustion  to  produce  energy  has  resulted  in  stack  emissions  and  in  major  air 
pollution.   Consequences  of  surface  mining  have  been  most  noticeable  on  the  land. 
Vegetation  has  been  destroyed,  soils  turned  upside  down,  and  large  areas  left  as  bare, 
unsightly  spoil  banks.   Natural  beauty  and  topography  have  been  greatly  altered. 
Some  areas  have  lost  their  productivity;  only  a  small  percentage  of  strip-mined  lands 
has  been  restored.   Surface  mining  for  coal  has  polluted  surface  and  ground  water 
resources  in  those  parts  of  the  country  where  the  coal  has  a  high  sulfur  content. 
Fortunately,  surface  mining  for  coal  in  the  Northern  Great  Plains  is  expected  to  have 
less  serious  effect  on  water  resources  than  those  encountered  elsewhere,  especially 
in  the  eastern  coalfields. 

Various  actions  can  mitigate  undesirable  effects  of  surface  mining  in  the  Northern 
Great  Plains.   Such  actions  include:  (1)  planning  when,  where,  and  how  much  coal  or 
other  mineral  resources  are  to  be  mined  consistent  with  the  management  of  other  re- 
sources and  also  with  community,  regional,  and  national  social  and  economic  needs; 
(2)  incorporation  of  environmental  protection  requirements  in  prospecting  and  mining 
leases;  (3)  employment  of  appropriate  mining  techniques;  (4)  adequate  supervision  of 
mining  operations;  and  (5)  rehabilitation  of  disturbed  areas. 

Rehabilitating  surface-mined  lands  involves  shaping  spoil  piles  to  desirable  con- 
figurations, application  of  available  surface  soil,  and  planting  of  suitable  vegeta- 
tion. Major  factors  influencing  success  of  a  surface-mine  rehabilitation  program 
are  the  chemical,  hydrologic,  and  physical  characteristics  of  reshaped  spoil  materials 
as  they  influence  productivity;  the  climatic  characteristics  of  the  site  reflected 
by  amounts  and  distribution  of  precipitation  and  the  potential  for  evapotranspiration; 
and  the  availability  of  seeds  and  propagated  plant  parts  of  both  native  and  suitable 
introduced  plant  species.   Current  rehabilitation  concepts  entail  returning  sites  as 
nearly  as  possible  to  their  original  condition.   Hills  and  valleys  are  created  to 
simulate  natural  variety  in  the  landscape.   On  drier  sites,  irrigation  can  facilitate 
better  or  more  rapid  response  of  seeded  or  planted  vegetation.   Land  disturbance 


involved  in  rehabilitation  treatments  often  creates  conditions  conducive  to  wind  and 
water  erosion  (e.g.,  soil  may  be  compacted  by  some  of  the  operations  and  sediment 
levels  in  streams  may  be  temporarily  increased) .  However,  environmental  damage 
resulting  from  rehabilitation  treatments  is  generally  ephemeral  and  necessary  if  sites 
are  to  be  brought  to  their  former  or  higher  productive  capacities,  to  their  original 
or  improved  vegetation  covers,  and  to  their  former  or  more  suitable  land  uses. 

The  objectives  of  this  report  are  as  follows: 

1.  To  summarize  pertinent  information  relative  to  important  factors  that  affect 
rehabilitation  potentials  on  surface-mined  lands  on  the  Northern  Great  Plains.   Factors 
that  influence  rehabilitation  potentials  include  climate,  geology,  physiography,  soils, 
availability  of  adaptable  vegetation,  mining  techniques,  and  post-mining  methods  for 
handling  spoils.   However,  lack  of  detailed  information  about  these  factors  applicable 
on  a  site-specific  basis  precludes  consideration  of  more  than  those  few  factors  that 
bear  most  on  surface  mine- rehabilitation  potentials; 

2.  To  arrange  those  few  factors  into  a  system  to  delineate  and  classify  surface 
mineable  lands  into  units  according  to  their  rehabilitation-response  potential; 

3.  To  locate  and  classify  each  existing  surface  mine  in  the  Northern  Great  Plains^ 
within  its  appropriate  rehabilitation-response  unit; 

4.  To  describe  the  history  of  rehabilitation  effort  and  success  at  each  mine  for 
which  information  was  available  in  the  summer  of  1973; 

5.  To  determine  the  areas  of  different  rehabilitation-response  units  by  States 
and  counties  for  the  three  alternative  coal  resource  development  forecasts  and 

time  periods  assumed  for  the  Northern  Great  Plains; 

6.  To  develop  rating  criteria  and  to  rate  rehabilitation  potentials  of  the 
particular  kinds  of  response  units  found  in  the  Northern  Great  Plains; 

7.  To  weight  each  rehabilitation-potential  rating  by  the  appropriate  area  of  the 
response  unit  to  which  it  applies.  This  method  provides  a  comparative  rating  of 
rehabilitation  potentials  among  response  units; 

8.  To  compare  these  rehabilitation-potential  ratings  with  the  actual  degree  of 
rehabilitation  success  experienced  on  individual  mines.   This  comparison  will  indicate 
the  adequacy  of  the  rating  criteria  for  estimating  the  rehabilitation  potentials  of 
response  units; 

9.  To  indicate  the  nature  of  problems  and  the  kinds  of  research  relating  to 
rehabilitation  potentials  that  need  attention  in  the  Northern  Great  Plains. 

These  objectives  comprise  the  sequence  of  data  acquisition,  classification, 
analyses,  and  interpretation  that  should  result  in  predictions  of  potentials  for  reha- 
bilitating different  kinds  of  land  in  the  Northern  Great  Plains  that  might  eventually 
be  surface  mined.   Because  of  the  lack  of  detailed  information  concerning  results  of 
rehabilitation  efforts  on  the  relatively  new  mines  in  the  Northern  Great  Plains,  it  is 
not  expected  that  the  predictive  capability  emanating  from  this  study  will  be  useful 
on  a  site-specific  basis.   Tlie  results  of  this  study  will  be  useful  for  predicting 
potential  rehabilitation  success  on  larger  tracts  of  land  characterized  by  soil 
associations,  broad  vegetative  types,  and  average  annual  precipitation  characteristics. 
Site-specific  information  regarding  these  influencing  factors  is  required  to  produce 
site-specific  rehabilitation  prescriptions. 


STUDY  AREA 


The  Northern  Great  Plains  are  expansive  prairie  lands  bounded  on  the  west  by  the 
Rocky  Mountains  in  Montana  and  Wyoming.   They  contain  the  Northern  Great  Plains  coal 
province,  which  occupies  approximately  the  eastern  third  of  Montana,  the  western  half 
of  North  Dakota,  the  northeast  quarter  of  Wyoming,  and  the  northwest  tenth  of  South 
Dakota.   Most  of  the  nation's  Federal  coal  lies  in  this  province. 

The  largest  region  in  the  Northern  Great  Plains  coal  province  is  the  Fort  Union 
region  which  encompasses  the  western  half  of  North  Dakota  and  parts  of  South  Dakota  and 
Montana.   This  region  contains  an  estimated  440  billion  tons  of  lignite,  by  far  the 
largest  coal  resource  in  the  entire  United  States  (Landis  1973) .  Most  coal  is  in  the 
Ludlow,  Tongue  River,  and  Sentinel  Butte  members  of  the  Fort  Union  formation.   Coalbeds 
are  discontinuous  and  vary  greatly  in  thickness.   More  than  a  hundred  coalbeds  have 
been  identified,  but  no  more  than  three  beds  of  commercial  thickness  have  been  found 
in  any  one  section.   Coal  throughout  most  of  the  Fort  Union  region  is  lignite. 

The  Powder  River  region,  southern  extension  of  the  Fort  Union  region,  continues 
from  southern  Montana  into  northeastern  Wyoming.  This  region  contains  nearly  240 
billion  tons  of  sub-bituminous  coal  (Glass  1972) . 

The  geologic  formation  containing  these  coal  deposits  consists  of  from  1,700  to 
3,200  feet  of  sandstone,  shale,  and  coal.   In  general,  coalbeds  are  thickest  in  Wyoming. 
Some  important  coalbeds  are  the  Badger  and  School  seams  at  Glenrock,  the  Monarch  seam 
near  Sheridan,  the  Healey  bed  near  Lake  Desmet ,  and  the  famous  Wyodak  bed  near 
Gillette. 

Bentonite  clay  beds  occur  in  southeastern  Montana,  northeastern  Wyoming,  and  the 
western  Dakotas.   Bentonite  beds  are  most  extensive  and  bentonite  mining  more  active 
near  the  three-State  junction  of  South  Dakota,  Wyoming,  and  Montana. 


REGIONAL  CHARACTERISTICS 

OF  IMPORTANT  FACTORS  AFFECTING 

REHABILITATION  POTENTIALS 


The  important  factors  that  determine  probabilities  for  successfully  rehabilitating 
surface-mined  lands  in  the  Northern  Great  Plains  are  (1)  the  amount  and  distribution 
of  precipitation,  (2)  the  productivity  and  stability  of  soils,  and  (3)  the  suitability 
and  availability  of  different  plant  species  for  revegetation  purposes. 

Precipitation  Amounts  and  Distribution 

According  to  Thornthwaite  (1931),  Northern  Hreat  Plains  climate  is  generally  of 
the  semiarid  type.   One  exam.ple  of  37  years  of  observations  shows  semiarid  conditions 
during  25  years,  dry  subhumid  or  arid,  5  years  each,  humid  or  moist  subhumid,  1  year 
each,  and  no  years  of  superhumid  conditions,  based  upon  the  precipitation-evaporation 
index  (Thornthwaite  1941).   Thornthwaite  (1941)  wrote:  "In  a  desert,  you  know  what 
to  expect  of  the  climate  and  plan  accordingly.   The  same  is  true  of  the  humid  regions. 
Men  have  been  badly  fooled  by  the  semiarid  regions  because  they  are  sometimes  humid, 
sometimes  desert,  and  sometimes  a  cross  between  the  two.   Yet,  it  is  possible  to  make 
allowances  for  this  too,  once  the  climate  is  understood."  The  climate  of  a  region 
cannot  be  fully  described  by  a  single  element  such  as  precipitation  or  temperature. 
Climate  is  comprised  of  numerous  elements  such  as  precipitation,  air  temperature, 
soil  temperature,  humidity,  wind  velocity,  atmospheric  pressure,  solar  terrestrial 
radiation,  and  snow  cover.   Generally,  however,  only  one  or  two  climatic  elements 
preponderantly  influence  the  nature  of  the  clim.ate  in  any  particular  region.   In  the 
semiarid  Northern  Great  Plains,  the  most  important  climatic  element  that  determines 
relative  agricultural  success  is  the  amount  of  seasonal  precipitation,  coupled  with 
its  distribution  pattern  (T}-;ornthwaite  1931)  .   The  frequency  of  occurrence  of 
different  climatic  types  varies  greatly  in  this  area. 

In  some  years,  the  amount  and  seasonal  distribution  of  rainfall  in  the  Northern 
Great  Plains  is  entirely  adequate  for  successful  agriculture;  in  others,  the  rainfall 
is  so  reduced  that  successful  crop  production  is  unlikely.   No  corresponding  risk  exists 
in  a  continuously  arid  climate  because  the  weather  never  encourages  agricultural  attempts. 
In  the  Northern  Great  Plains,  precipitation  surpasses  that  of  the  semiarid  climates 
with  sufficient  frequency  to  encourage  agricultural  endeavors,  but  not  to  assure  suc- 
cessful agriculture  every  year. 


Table  I. --Areas  of  various  precipitation  zones  on  surfaae-mineahle   lands  by  States  and  counties 

in  the  Northern  Great  Plains 


Precipitation  zones 


State  and 
County 

r*-"--""  --■ 

Inches 

. 

. 

<i2    ; 

12 '     : 

13       : 

14 

15 

16        ; 

>16 

Wyoming 

Campbell 

35,386 

76,358 

32,282 

22,349 

29,798 

89,395 

Converse 

0 

17,382 

19,866 

7,450 

0 

0 

0 

Johnson 

0 

0 

0 

0 

39,731 

0 

0 

Sheridan 

0 

0 

0 

0 

37,248 

0 

0 

Weston 

0 

0 

0 

0 

0 

0 

14,899 

Total 

35,386 

93,740 

52,148 

29,799 

106,777 

89,395 

14,899 

Montana 

Bighorn 

0 

0 

0 

39,731 

166,374 

2,483 

0 

Custer 

0 

0 

32,282 

17,382 

39,731 

0 

0 

Dawson 

0 

12,416 

12,416 

0 

0 

0 

0 

Fallon 

0 

0 

34,765 

0 

0 

0 

0 

Garfield 

0 

278,118 

0 

0 

0 

0 

0 

McCone 

0 

99,328 

0 

0 

0 

0 

0 

Musselshell 

0 

7,450 

2,483 

0 

0 

0 

0 

Powder  Rive 

r      0 

0 

0 

0 

139,059 

81,946 

22,349 

Richland 

0 

64,563 

17,382 

7,450 

0 

0 

0 

Roosevelt 

0 

0 

17,382 

0 

0 

0 

0 

Rosebud 

0 

0 

0 

7,450 

19,866 

94,362 

22,349 

Sheridan 

0 

0 

32,282 

0 

0 

0 

0 

Treasure 

0 

0 

24,832 

4,966 

0 

0 

0 

Wilbaux 

0 

0 

0 

44,698 

0 

0 

0 

Total 

0 

461,875 

173_j_824 

121,677 

365,030 

178,791 

44,698 

North  Dakota 

Adams 

0 

0 

0 

0 

0 

49,664 

0 

Billings 

0 

0 

0 

0 

22,3^9 

0 

0 

Bowman 

0 

0 

0 

0 

22,349 

0 

0 

Burke 

0 

0 

0 

0 

22,349 

0 

0 

Burleigh 

0 

0 

0 

0 

0 

7,450 

Dunn 

0 

0 

0 

0 

22,349 

0 

0 

Golden  Vail 

ey     0 

0 

0 

37,248 

0 

0 

0 

Hettinger 

0 

0 

0 

0 

0 

109,261 

0 

McLean 

0 

0 

0 

0 

9,933 

9,933 

0 

Mercer-Oliver     0 

0 

0 

0 

47,181 

91,878 

0 

Slope 

0 

0 

0 

24,832 

52,147 

37,248 

0 

Stark 

0 

0 

0 

0 

62,080 

34,765 

0 

Ward 

0 

0 

0 

0 

7,450 

9,933 

0 

Williams 

0 

0 

0 

12.416 

9,933 

278,120 

0 

0 

Total 

0 

0 

0 

74,496 

350,132 

0 

South  Dakota 

Butte 

0 

0 

0 

52,147 

0 

0 

0 

Meade 

0 

0 

0 

0 

76,979 

0 

0 

Total 

0 

0 

0 

52,147 

76,979 

0 

0 

TOTALS 

35,386 

555,615 

225,972 

278,119 

826,906 

618,318 

59,597 

Average  annual  precipitation  in  the  Northern  Great  Plains  ranges  from  8  to  24 
inches;  the  largest  portion  of  the  area  receives  between  10  and  16  inches.  More  than 
90  percent  of  the  surface  mineable  lands  in  the  Northern  Great  Plains  receive  between 
12  and  16  inches.   The  greatest  amount  of  precipitation  occurs  along  the  eastern 
boundary  of  the  region  in  western  North  Dakota  and  in  the  Black  Hills  of  South  Dakota; 
the  least  amount  falls  in  northeastern  Wyoming  and  northeastern  Montana.   Precipitation 
throughout  the  region  is  heaviest  from  April  to  September,  when  up  to  75  percent 
of  the  annual  amount  is  recorded.   Summer  rains,  usually  from  the  Gulf  of  Mexico, 
are  mostly  thunderstorms.  The  prevailing  wind  pattern  is  from  the  west  or  northwest. 
The  western  portion  of  the  area  is  noted  for  its  winds,  which  quickly  dry  out  soils  in 
summer  and  drift  snow  in  winter.   Normally  the  area  receives  less  than  1  inch  of 
precipitation  per  month  in  winter.  The  lines  of  equal  precipitation  (Isohyetal  lines) , 
although  subject  to  some  meandering,  are  north-south  oriented;  so  precipitation  gener- 
ally increases  about  an  inch  for  every  50  miles  of  movement  eastward.   During  the 
growing  season,  distribution  of  precipitation  is  usually  favorable  for  crop  production. 
Rainfall  is  light  in  the  spring,  but  increases  from  April  until  September,  when  it  is 
needed  most  for  vegetative  growth.   From  September  until  December,  declining  precipi- 
tation and  abundant  sunshine  favor  maturing  of  both  native  and  planted  crops.  A 
difference  of  only  1  or  2  inches  of  rainfall  during  the  growing  season  can  affect 
significantly  the  potential  for  rehabilitating  surface-mined  lands.   Distribution  of 
average  annual  precipitation  in  relation  to  surface  mineable  lands  of  the  Northern 
Great  Plains  coal  province  is  shown  in  figure  1  (map,  back  of  book) ,  Areas  of  the 
various  precipitation  zones  occurring  on  surface  mineable  lands  by  States  and  counties 
are  shown  in  table  1. 


Soil  Productivity  and  Stability^ 


Forty-two  major  soil  associations  are  identified  within  the  boundaries  of  the 
Northern  Great  Plains.  These  soil  associations  are  depicted  on  Aandahl's  (1972)  map 
entitled  "Soils  of  the  Great  Plains"  and  also  are  shown  in  figure  1.   Of  these  42 
soil  associations,  only  17  occupy  surface  mineable  areas;  consequently,  only  these  17 
soil  associations  are  considered  in  this  report. 

Ten  of  these  17  soil  associations  are  classified  by  Aandahl  as  typic  (moderately 
moist)  Borolls  and  Ustorthents.   Borolls  have  horizons  of  accumulated  clay  that  some- 
times contain  sodium.   Ustorthents  are  sometimes  dry,  sometimes  moist,  receive  summer 
rains,  but  lack  moisture  for  plant  growth  for  long  periods.  These  10  soil  associations 
are  mainly  in  western  North  Dakota,  and  are  identified  on  Aandahl's  soil  map  and  in 
figure  1  by  soil  association  numbers  19,  23,  25,  26,  27,  30,  31,  33,  34,  and  35. 

Soil  association  44  is  classified  as  Borollic  (cold),  Torriorthents  (nearly 
always  dry)  Natrargids  (much  sodium  on  clays) .   This  soil  association  occurs  chiefly 
across  the  dry  central -eastern  plains  of  Montana  and  the  extreme  northwest  corner  of 
South  Dakota. 

Five  soil  associations,  109,  111,  117,  121,  and  123,  are  classified  as  Ustic 
(alternately  moist  and  dry),  Aridisols  (low  in  organic  matter  and  usually  dry), 
Camborthids-Haplargids  (little  or  no  soluble  salts  or  sodium  clays) .  These  soil  asso- 
ciations are  found  in  southeastern  Montana,  northeastern  Wyoming,  and  western  North 
Dakota. 

Soil  association  184  is  classified  as  a  badlands  Torriorthent  (rocky  and  dry) . 
This  soil  association  is  found  only  in  a  few  places  on  the  extreme  fringe  of  surface 
mineable  lands  in  the  Badlands  of  the  Little  Missouri  River  in  western  North  Dakota. 


Based  on  removal  and  replacement  of  suitable  soil  strata  as  a  spoil  surfacing 
material. 


These  17  soil  associations  are  characterized  with  respect  to  their  vegetative 
productivity  and  their  stability  as  follows: 

Soil  Association  19. --k  fine  Argiboroll  with  a  layer  of  clay  accumulation  in  the 
C  horizon;  good  productivity;  occurs  on  level-to-undulating  topography,  slopes  gener- 
ally less  than  8  percent;  very  good  stability. 

Soil  Association  22. --k   fine  loamy  Argiboroll  on  drier  sites  than  soil  association 
19,  good  productivity;  occures  on  level-to-undulating  topography;  good  stability. 

Soil  Association  25. --k   loamy  Argiboroll;  very  good  productivity  (probably  the 
most  productive  of  the  17  soil  associations);  occurs  on  level-to-rolling  topography, 
slopes  up  to  16  percent;  good  stability. 

Soil  Association  26. --k   fine  loamy  Argiboroll;  good  productivity;  occurs  on  level- 
to-rolling  topography,  slopes  less  than  16  percent;  good  stability. 

Soil  Association  27. --k   clayey  and  fine  loamy  Argiboroll;  fairly  good  productivity; 
level-to-rolling  topography,  slopes  up  to  16  percent;  fairly  stable. 

Soil  Association  SO.--k   loamy  and  sandy  Haploboroll  without  any  distinct  accumula- 
tion of  calcium  carbonate,  clay,  or  sodium;  fairly  good  productivity;  level-to-rolling 
topography,  slopes  up  to  16  percent;  fairly  good  stability. 

Soil  Association  21. --k   fine  loamy  and  loamy  skeletal  lithic  Haploboroll;  fair 
productivity;  undulating-to-hilly  topography,  slopes  up  to  30  percent;  poor  stability. 

Soil  Association  22. --k  fine  silty  and  fine  loamy  Haploboroll;  fair  productivity; 
undulating-to-hilly  topography;  slopes  up  to  30  percent;  poor  stability. 

Soil  Association  24. --k   fine  loamy  Ustorthent,  with  a  heavy  clay  horizon;  fair 
productivity;  undulating- to-hilly  topography,  slopes  up  to  30  percent;  poor  stability. 

Soil  Association  25. --k   shallow  loamy  Ustorthent,  with  a  heavy  clay  horizon;  fair 
productivity;  undulating-to-steep  topography,  slopes  in  excess  of  30  percent;  very  poor 
stability. 

Soil  Association  44. --k  moderately  deep  loamy  Borollic  Torriorthent  having  a  large 
amount  of  sodium  on  the  clays;  fairly  poor  productivity;  undulating-to-hilly  topography, 
slopes  up  to  30  percent;  fairly  poor  stability. 

Soil  Association   109. --k   clayey  and  loamy  Ustic  Aridisol,  with  a  horizon  of  active 
or  swelling  clays;  very  poor  productivity;  undulating-to-rolling  topography,  slopes  up 
to  16  percent;  fair  stability. 

Soil  Association  lll.--k   shallow  clayey  Ustic  Aridisol,  with  a  horizon  of  active 
or  swelling  clays;  poor  productivity;  undulating-to-hilly  topography,  slopes  up  to 
30  percent;  fairly  poor  stability. 

Soil  Association  117. --k  clayey  and  loamy  Ustic  Aridisol  having  a  large  amount  of 
sodium  on  the  clays;  poor  productivity;  undulating-to-rolling  topography,  slopes  up  to 
16  percent;  fair  stability. 

Soil  Association  121. --k   shallow,  loamy,  and  clayey  Ustic  Aridisol,  dry  much  of 
the  year;  very  poor  productivity;  rolling-to-steep  topography,  slopes  in  excess  of  30 
percent;  very  unstable. 
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Soil  Association  122. --k   shallow,  loamy,  and  clayey  Ustic  Aridisol,  dry  much  of 
the  year,  that  has  a  large  amount  of  sodium  on  the  clays;  poor  productivity;  undulating- 
to-hilly  topography,  slopes  up  to  30  percent;  poor  stai)ility. 

Soil  Association  184. --k   loamy  and  clayey  Torriorthent ,  dry  much  of  the  year,  very 
poor  productivity;  undulating- to- steep  Badlands,  slopes  in  excess  of  30  percent;  very 
poor  stability. 

Soil  tests  and  field  trials  indicate  that  soils  in  Montana  and  Wyoming  and  west  of 
the  Missouri  River  in  North  Dakota  are  conspicuously  deficient  in  phosphorus.   Response 
to  phosphorus  fertilizer  is  less  consistent  in  the  drier  western  part  of  the  region  than 
in  the  more  moist  regions  east  of  the  Missouri  River  in  North  Dakota.  Nitrogen  is 
generally  more  deficient  in  the  moister  part  of  North  Dakota  than  it  is  in  eastern 
Montana  and  eastern  Wyoming.   Where  nitrogen  is  deficient,  little  or  no  response  is 
obtained  from  phosphate  fertilizer  unless  nitrogen  is  also  provided. 

Erosion  is  a  serious  problem  in  some  localities  of  the  Northern  Great  Plains. 
Sandy  soils  are  highly  erodible  because  they  do  not  contain  enough  silt  and  clay  for 
large  aggregates  to  form.   Repeated  freezing  and  thawing  and  wetting  and  drying  result 
in  formation  of  aggregates  of  a  size  susceptible  to  wind  and  water  actions.  Soils  high 
in  clay  are  most  subject  to  this  type  of  erosion.   Areas  of  the  different  soil  associa- 
tions occupying  surface  mineable  lands  by  States  and  counties  are  shown  in  table  2. 


Suitability  and  Availability  of  Native  Vegetation  Types 

Plants  of  the  Northern  Great  Plains  coal  province  are  mostly  such  grass  species 
as  wheatgrasses ,  needlegrasses ,  grama  grasses,  bluestems,  and  fescues.  Overgrazing 
by  buffalo  and  later  by  livestock  has  resulted  in  an  increase  in  sagebrushes  and  rabbit 
brushes  in  these  grasslands,  especially  the  short-grass  prairies.  All  native  grasses 
in  the  Northern  Great  Plains  grow  well  under  the  favorable  precipitation-temperature 
pattern.  The  cold-desert  biome,  dominated  by  sagebrush,  and  the  montane- coniferous 
forest  biome,  dominated  by  ponderosa  pine,  also  occur  in  the  Northern  Great  Plains. 
Cottonwood,  willow,  and  ash  of  the  deciduous  forest  biome  dominate  the  gully  bottoms 
along  rivers  and  their  tributaries.   Fourwing  saltbush,  found  along  the  drainages,  and 
inland  saltgrass  indicate  alkaline  or  saline  areas.   Frequently,  sand  sage  and  prairie 
sandreed  occupy  sandy  areas.   Sixteen  broad,  but  recognizable,  vegetation  types  have 
been  delineated  in  the  Northern  Great  Plains  coal  province  (fig.  1) .  Nine  of  these  16 
vegetation  types  occur  on  surface  mineable  areas.  They  are  the  only  vegetation  types 
that  will  be  considered  in  regard  to  rehabilitation  potential.   A  brief  description  of 
these  vegetation  types  in  respect  to  their  suitability  and  availability  for  rehabilita- 
tion is  presented.  To  permit  comparison,  the  corresponding  Kuchler  (1964)  vegetation 
type  number  is  also  shown.   Vegetation  types  are  as  follows: 

Floodplain   (type  1,  Kuchler  type  98) .--This  vegetation  type  occurs  on  the  bottom 
lands  and  banks  of  major  rivers  and  on  broad  floodplain  terraces  that  have  alluvial 
soils.   It  occupies  sites,  some  highly  saline,  that  have  high  water  tables.  The  flood- 
plain  type  is  characterized  predominantly  by  hardwood  tree  and  shrub  species  that  are 
poorly  suitable  and  poorly  available  for  rehabilitation. 

Badlands    (type  2,  Kuchler  has  no  type  number  for  the  Badlands) .--This  vegetation 
type  occupies  breaks  along  rivers  and  streams  and  steep  south  slopes  of  exposed 
shales,  sandstones,  and  clays.   Dominant  plant  species  are  arid-land  shrubs  and 
grasses  associated  locally  with  scabby  ponderosa  pine  forests.  The  species  that 
characterize  this  type  are  poorly  suitable  and  poorly  available  for  rehabilitation. 


Short-Grass  Prairie    (type  3,  Kuchler  type  64). --This  vegetation  type  occupies  dry 
prairies  on  shallow  soils  in  southeastern  Montana  and  northeastern  Wyoming.   Dominant 
species  are  blue  grama  grass,  western  wheatgrass,  and  various  needlegrasses .  The 
species  that  characterize  this  type  have  moderately  poor  suitability  and  fair  avail- 
ability for  rehabilitation. 

Mid-Short  Grass  Prairie    (type  4,  Kuchler  types  64  and  66). --This  type  occupies 
rolling  prairies  on  loam  to  clay  loam  soils  in  eastern  Montana.   It  is  characterized  by 
western  wheatgrass,  needle-and-thread  grass  and  blue  grama  grass.  These  species  have 
moderately  poor  suitability  and  fair  availability  for  rehabilitation.  I 

Mid-Grass  Prairie    (type  5,  Kuchler  type  66). --This  type,  which  occurs  on  loamy 
soils  in  extreme  eastern  Montana,  southwestern  North  Dakota,  and  northwestern  South 
Dakota,  contains  no  dominant  short  grass.   Principal  species  are  needlegrasses, 
wheatgrasses,  and  blue  stem  grasses.  Most  species  that  comprise  this  type  are  fairly 
suitable  and  have  good  availability  for  rehabilitation. 

Grass  land- Sag  eh  rush   (type  6,  Kuchler  type  56). --This  vegetation  type  occurs  on 
open  grassland  of  mid  and  short  grasses,  with  scattered  sagebrush,  and  occurs  on  silty 
clay  loam  soils  in  southeastern  Montana  and  northeastern  Wyoming,  Most  of  the  species 
that  comprise  this  type  have  good  suitability  and  moderately  good  availability  for 
rehabilitation. 

Sagebrush-Steppe    (type  7,  Kuchler  type  55). --This  type  is  dominated  by  sagebrush 
in  open  grassland  containing  wheatgrasses  and  needle-and-thread  on  silt  to  silty  clay 
loam  soils.   It  occurs  chiefly  in  northeastern  Wyoming  and  most  of  the  major  species 
have  moderately  good  suitability,  but  are  relatively  unavailable  for  rehabilitation. 

Mid-Tall  Grass  Prairie    (type  9,  Kuchler  type  67).  This  vegetation  type  occurs  on 
gently  rolling  prairie  northeast  of  the  Missouri  River  in  North  Dakota,  and  is  charac- 
terized by  wheatgrasses,  big  and  little  bluestem  grasses,  and  needlegrasses  on  loam 
soils  of  glacial  till  origin.   Nearly  all  species  in  this  type  have  good  suitability 
and  availability  for  rehabilitation. 

Ponderosa  Pine  Forest   (type  12,  Kuchler  type  16). --This  vegetation  type  occurs 
mainly  in  eastern  Montana  and  northeastern  Wyoming  on  uplands,  ridges,  and  north  slopes 
that  have  shallow  loam  soils.   Prominent  species  are  ponderosa  pine,  snowberry,  blue 
grasses,  fescues,  and  June  grass.  These  species  are  only  fairly  suitable,  but  have 
good  availability  for  rehabilitation. 

These  native  vegetation  types  and  their  species  represent  the  potential  for  reestab- 
lishment  of  native  plant  cover  on  surface-mined  areas  where  surface  soil  has  been  replaced. 
In  some  portions  of  the  Northern  Great  Plains,  where  higher  precipitation  and  more 
fertile  soils  occur,  surface-mined  lands  may  be  restored  to  agricultural  uses  rather 
than  to  native  cover  types.   In  some  instances,  surface-mined  lands  may  lend  themselves 
to  such  other  uses  as  development  of  parks,  lakes,  marshes,  or  woodlands.  Where  such 
opportunities  exist,  they  should  be  developed,  but  they  require  careful  planning  of 
mining  and  post-mining  activities.   Except  for  rehabilitating  agricultural  lands 
(largely  in  North  Dakota)  and  for  occasional  specialized  reclamation  opportunities, 
the  greatest  potential  for  rehabilitating  surface-mined  lands  in  the  study  area  lies 
in  using  native  plant  species  that  characterize  each  area.   Areas  of  different  vegeta- 
tion types  occupying  surface  mineable  lands  by  State  and  by  county  are  shown  in 
table  3. 
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Table  3. --Areas  of  different  vegetation  types  occupying  surface-mineable   lands  by  States  and  counties  in  the 

Northern  Great  Plains 


State  and      ; 

Veg 

etation  typ 

e 

1 

2 

3 

4 

:   5     : 

6     : 

7     : 

9     : 

12 

Wyoming 

Campbell 

0 

0 

0 

0 

0 

176,282 

96,845 

0 

12,416 

Converse 

0 

0 

0 

0 

0 

42,214 

0 

0 

2,483 

Johnson 

0 

0 

0 

0 

9,933 

29,798 

0 

0 

0 

Sheridan 

7,450 

0 

0 

0 

0 

19,866 

4,966 

0 

4.966 

Weston 

0 

0 

14,899 

0 

0 

0 

0 

0 

0 

Total 

7,450 

0 

14,899 

0 

9,933 

268,160 

101,811 

0 

19,865 

Montana 

Bighorn 

4,966 

0 

0 

44,698 

0 

144,026 

0 

0 

14,899 

Custer 

0 

0 

64,563 

4,966 

0 

7,450 

0 

0 

12,416 

Dawson 

0 

0 

0 

7,450 

17,382 

0 

0 

0 

0 

Fallon 

0 

0 

24,832 

9,933 

0 

0 

0 

0 

0 

Garfield 

0 

49,664 

0 

196,173 

0 

0 

0 

0 

32,282 

McCone 

0 

4,966 

0 

59,597 

34,765 

0 

0 

0 

0 

Musselshell 

0 

0 

0 

0 

0 

0 

0 

0 

9,933 

Powder  River 

0 

0 

44,698 

0 

0 

111,744 

14,899 

0 

72,013 

Richland 

0 

0 

0 

7,450 

81,946 

0 

0 

0 

0 

Roosevelt 

0 

0 

0 

0 

17,382 

0 

0 

0 

0 

Rosebud 

7,450 

0 

0 

14,899 

0 

76,979 

0 

0 

44,698 

Sheridan 

0 

0 

0 

0 

32,282 

0 

0 

0 

0 

Treasure 

0 

0 

0 

29,798 

0 

0 

0 

0 

0 

Wilbaux 

0 

2,484 
57,114 

0 

0 

42,214 
225,971 

0 

0 

0 

0 

Total 

12,416 

134,093 

374,964 

340,199 

14,899 

0 

186,241 

North  Dakota 

Adams 

0 

0 

0 

0 

49,644 

0 

0 

0 

0 

Billings 

0 

0 

0 

0 

22,349 

0 

0 

0 

0 

Bowman 

0 

0 

0 

0 

22,349 

0 

0 

0 

0 

Burke 

0 

0 

0 

0 

0 

0 

0 

22,349 

0 

Burleigh 

0 

0 

0 

0 

7,450 

0 

0 

0 

0 

Dunn 

0 

0 

0 

0 

22,349 

0 

0 

0 

0 

Golden  Valley 

0 

0 

0 

0 

37,248 

0 

0 

0 

0 

Hettinger 

0 

0 

0 

0 

109,261 

0 

0 

0 

0 

McLean 

0 

0 

0 

0 

19,866 

0 

0 

0 

0 

Mercer-Oliver 

12,416 

0 

0 

0 

126,643 

0 

0 

0 

0 

Slope 

0 

2,483 

0 

0 

109,261 

0 

0 

0 

2,483 

Stark 

0 

0 

0 

0 

96,845 

0 

0 

0 

0 

Ward 

0 

0 

0 

0 

7,450 

0 

0 

9,933 

0 

Williams 

0 

0 

0 

0 

22,349 

0 

0 

0 

0 

Total 

12,416 

2,483 

0 

0 

653,064 

0 

0 

32,282 

2,483 

South  Dakota 

Butte 

0 

0 

0 

0 

52,147 

0 

0 

0 

0 

Meade 

0 

0 

0 

0 

76,979 

0 

0 

0 

0 

Total 

0 

0 

0 

0 

129,126 

0 

0 

0 

0 

TOTALS 

32,282 

59,597 

148,992 

374,964 

1,018,094 

608,359 

116,710 

32,282 

208,589 

I 
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DEVELOPMENT  OF 
REHABILITATION-RESPONSE  UNITS 

AS  A  CLASSIFICATION  SYSTEM 

FOR  REHABILITATION  POTENTIALS 

ON  SURFACE-MINED  LANDS 


In  developing  this   report   the   author  has   assumed  that--within  the  constraints   of 
map  scale  and  detail   of  information   available- -three  major  environmental   factors 
influence  the  potential   for  rehabilitating  surface-mined  land  in  the  Northern  Great 
Plains:    (1)    the  productivity  and  stability  characteristics   of  surface  soil  materials; 
(2)    the  suitability  of  native  plant  species   for  plant   cover  reestablishment   and  their 
availability   for  the  purpose;    and   (3)    the   amount   and  distribution  of  precipitation. 
The  surface  mineable   lands   in  the  Northern  Great   Plains   occur   in   17   soil   associations, 
in  9  broad  vegetative  types,    and  in   7  annual  precipitation  zones   ranging  from  less   than 
12   to  more  than   16   inches  by   1-inch   increments.      If  these   17  soil   associations,   9  vege- 
tative types,    and  7  precipitation   zones   occurred  together  in  all  possible  combinations, 
they  would   aggregate   1,071   different   areas.      All  possible   combinations   do  not   occur  on 
the  surface  mineable   lands   in  the  Northern  Great   Plains;   these   factors   combine  to  de- 
lineate 86  different   combinations  on  the   ground.      Thus,    the   surface  mineable   area  in 
the  Northern  Great   Plains   can  be   divided  into  86   different  kinds   of  land,    each  with   its 
own  rehabilitation-potential   characteristics.      Most   combinations   are   found  in  more  than 
one   location;    thus,    the   surface  mineable   area  of  the  Northern  Great   Plains   contains   a 
total   of  146  rehabilitation-response   units. 

Each   rehabilitation-response  unit   is   identified  by  three   sets  of  numbers    (table  4) . 
The   first  number,    containing  either  two  or  three  digits,    refers   to  the  Aandahl   soil 
association  momber;    the  second,    containing   either  one  or  two  digits,    refers   to  the 
vegetation  type  number;    and  the   third,    containing  two  digits,    refers   to  the  precipita- 
tion  zone   in  which  the  unit   is    located.      For  example,    rehabilitation-response  unit 
117-6-14   is   a  tract   of  surface  mineable   land   located  in  Ustic  Aridisol   soil   association 
117,    on   grassland-sagebrush  vegetation  type  6,    in   a  14-inch-per-year  precipitation  zone. 
These   combined  characteristics   place  this   particular  kind  of  rehabilitation-response 
unit   in   east-central  Campbell  County,   Wyoming.      Presumably,    regardless   of  location, 
rehabilitation-response  units   that  have   the  same  soil-vegetation-precipitation  identifi- 
cations  should  exhibit   essentially  the  same   response  to  similar  rehabilitation  efforts 
in   a  comparable   time  period.      Rehabilitation-response  units  have  been  numbered   from 
1   through   86.      The  same  number  on  more  than  one   response  unit   indicates   more  than  one 
tract  of  land  in  that   response-unit   category.     All   rehabilitation-response  units   that 
comprise  surface  mineable   lands   are  shown  by   location  and  number  in   figure  2    (map,   back 
of  book) .     They  are   also  tabulated  in  table  4  by  number  and  acreage   for  States   and 
counties.      The  total   acreage   of  all   rehabilitation-response  units,   which   is   the  total 
surface  mineable   area  in  the  Northern  Great   Plains   coal  province,    is   2,599,913  acres, 
or  4,062   square  miles. 
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Table  'i. --Kinds  and  areas  of  rehabilitation-response  units  on  surface-mineable   lands  of 

the  Northern  Great  Plains 


State  and 
County 


Rehabilitation-response  unit 


Identification  number 


Soil 


Vegetation  :  Precipitation 


Map 
location 
number 


Area 


Wyoming 

Campbell 

117 

6 

14 

117 

7 

16 

117 

6 

16 

117 

7 

15 

117 

6 

12 

117 

6 

11 

117 

6 

13 

123 

6 

15 

123 

7 

16 

123 

7 

15 

123 

12 

11 

123 

6 

12 

123 

6 

13 

123 

6 

14 

Total 

Converse 

117 

6 

13 

117 

6 

14 

117 

6 

12 

123 

6 

12 

123 

12 

12 

Total 

Johnson 

117 

5 

15 

117 

6 

15 

123 

6 

15 

123 

5 

15 

Total 

Sheridan 

25 

1 

15 

25 

6 

15 

25 

12 

15 

123 

1 

15 

123 

7 

15 

Total 

Weston 

121 

3 

18 

Total 

TOTAL 

1 

2 

3 

4 

5 

6 

7 

9 

8 

10 

12 

13 

14 

15 


7 

1 

5 

13 

11 


21 

22 

9 

20 


17 
19 
18 
16 
10 


23 


Acres 


27 

315 

17 

,382 

14 

899 

58 

976 

35 

386 

27 

315 

4 

966 

44 

698 

9 

933 

12 

416 

4 

966 

4 

966 

7 

450 

285 

568 

19 

866 

7 

450 

2 

483 

12 

,416 

2 

483 

44 

,698 

7 

450 

9 

933 

19 

866 

2 

483 

39 

,731 

2 

483 

19 

,866 

4 

,966 

4 

,966 

4 

966 

37 

,248 

14 

,899 

14 

899 

422,144 


(con.  next  page) 
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Table  4. --(con.) 


State  and 
County 


Rehabilitation-response  unit 


Identification  number 


oil 

:  Vegetation 

25 

6 

25 

12 

31 

6 

31 

6 

31 

4 

117 

6 

117 

1 

117 

12 

123 

6 

123 

4 

31 

3 

31 

3 

31 

6 

44 

3 

44 

12 

123 

3 

123 

12 

123 

4 

26 

4 

26 

5 

33 

5 

44 

3 

44 

4 

44 

4 

44 

12 

184 

2 

184 

12 

184 

4 

26 

5 

33 

5 

44 

5 

44 

4 

184 

2 

184 

4 

Precipitation 


Map 
location 
number 


Area 


Montana 
Bighorn 


Total 
Custer 


Total 
Dawson 

Total 
Fallon 

Total 
Garfield 

Total 

McCone 


Total 


15 
15 
15 
16 
15 
15 
15 
15 
15 
14 


15 
14 
15 
13 
13 
14 
13 
13 


13 
13 
12 


13 
13 


12 
12 
12 
12 
12 


12 
12 
12 
12 
12 
12 


19 
18 
26 
27 
39 
22 
40 
41 
9 
37 


28 
31 
26 
46 
47 
32 
44 
42 


62 
61 
59 


46 
48 


53 
54 
55 
56 
57 


58 
59 
60 
53 
55 
57 


Acves 


17 

,382 

12 

,416 

12 

,416 

2 

,483 

4 

,966 

96 

,845 

4 

,966 

2 

,483 

14 

,899 

39 

,731 

208 

,589 

32 

,282 

14 

,899 

7 

,450 

14 

,899 

2 

,483 

2 

,483 

9 

,933 

4 

,966 

89 

,395 

7 

,450 

4 

,966 

12 

416 

24 

,832 

24 

,832 

9 

,933 

34 

,765 

188 

723 

4 

966 

49 

,664 

27 

315 

7 

450 

278 

118 

9 

933 

4 

966 

19 

866 

?4 

630 

4 

966 

4. 

966 

99, 

328 

(con.  next  page) 


14 


Table  4. --(con.) 


State  and 
County 


Rehabilitation-response  unit 


Identification  number 


Soil 


Vegetation  :  Precipitation 


Map 
location 
number 


Area 


Montana  (con.) 

Musselshell 

123 

12 

12 

123 

12 

13 

Total 

Powder  River 

31 

12 

15 

31 

6 

15 

. 

31 

6 

16 

31 

3 

15 

31 

6 

17 

31 

12 

16 

117 

6 

15 

123 

12 

15 

123 

6 

15 

123 

7 

15 

Total 

Richland 

26 

5 

12 

26 

5 

13 

26 

4 

13 

33 

5 

12 

35 

5 

14 

Total 

Roosevelt 

26 

5 

13 

Total 

Rosebud 

31 

6 

16 

31 

1 

16 

31 

12 

16 

31 

6 

17 

123 

12 

16 

123 

6 

15 

123 

6 

16 

123 

4 

14 

123 

4 

15 

123 

12 

15 

Total 

Sheridan 

23 

5 

13 

26 

5 

13 

''     Total 

Treasure 

123 

4 

13 

123 

4 

14 

Total 

11 

43 


25 
26 
27 
28 
29 
30 
22 
24 
9 
10 


58 
61 
62 
59 
51 


61 


27 
33 
30 
29 
35 
9 
36 
37 
38 
24 


63 

61 


42 

37 


koves 


1 

450 

2 

483 

9, 

933 

34, 

765 

9, 

933 

.  47, 

181 

44 

698 

22, 

349 

34, 

765 

14 

899 

2, 

483 

17 

382 

14, 

899 

243, 

354 

34 

765 

9 

933 

7 

450 

29 

798 

7 

450 

89 

,395 

17 

,382 

17 

382 

42 

214 

7 

,450 

27 

,798 

17 

,382 

7 

,450 

9 

,933 

7 

,450 

7 

,450 

7 

,450 

2 

,483 

144 

,026 

12 

,416 

19 

,865 

32 

,281 

24 

,832 

4 

,966 

29 

,798 

(con.  next  page) 
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Table  4. --(con.) 


State  and 
County 


Rehabilitation-response  unit 


Identification  number 


Soil   :  Vegetation  :  Precipitation 


Map 
location 
number 


Area 


Montana  (con.) 

Wilbaux 

27 

5 

33 

5 

33 

2 

35 

5 

Total 
TOTAL 


14 
14 
14 
14 


49 
50 
52 
51 


Acres 

29,798 
4,966 
2,483 
7,450 

44,698 

1,345,894 


North  Dakota 
Adams 

Total 


30 
25 


Billings 

24 

5 

Total 

Bowman 

24 

5 

25 

5 

Total 

Burke 

19 

9 

Total 

Burleigh 

19 

5 

Total 

Dunn 

24 

5 

30 

5 

Total 

Golden  Valley 

27 

5 

33 

5 

Total 

• 

Hettinger 

30 

5 

25 

5 

Total 

McLean 

21 

5 

19 

5 

Total 

Mercer-Oliver 

19 

5 

19 

1 

19 

1 

19 

5 

16 
16 


15 


15 
15 


15 


16 


15 
15 


14 
14 


16 
16 


15 
16 


16 
15 
16 
15 


86 

72 


76 


76 
78 


75 


64 


42,214 

7,450 

49,664 

22,349 
22,349 

4,966 
17,382 
22,349 

22,349 
22,349 

7,450 
7,450 


76 

4,966 

77 

17,382 

22,349 

49 

29,798 

50 

7,450 

37,248 

86 

14,899 

72 

94,362 

109,261 

67 

9,933 

64 

9,933 

19,866 

64 

22,349 

65 

4,966 

66 

2,483 

73 

4,966 

(con.  next  page) 
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Table  4.--rconO 


State  and 
County 


Rehabilitation-response  unit 


Identification  number 


Soil   :  Vegetation  :  Precipitation 


Map 

location 

number 


Area 


North  Dakota  (con.) 
Mercer-Oliver 
(con.) 


Total 
Slope 


Total 
Stark 

Total 

Ward 

Total 
Williams 

Total 
TOTAL 


21 
23 
25 
35 
35 
35 


24 
24 
24 
25 
35 
35 
35 
184 
25 


35 
24 
30 
25 


19 
19 
19 


19 
35 
35 


5 
5 
5 
5 
5 
5 
2 
12 
5 


15 
16 
16 
16 
15 
16 


16 
14 
15 
15 
15 
14 
14 
15 
16 


16 
15 
15 
16 


16 
16 
15 


15 
14 
15 


67 
68 
72 
69 

70 
71 


85 

79 
76 
78 
70 
51 
81 
80 
72 


45 
76 
77 
72 


64 
74 
75 


73 
51 
70 


Acres 


7 

,450 

24 

,832 

12 

,416 

24 

,832 

29 

,798 

4 

,966 

139 

,059 

4 

,966 

12 

,416 

17 

,382 

14 

,899 

17 

,382 

9 

,933 

2 

,483 

2 

483 

32 

,282 

114 

,227 

19 

,866 

49 

,664 

12 

,416 

14 

,899 

96 

,845 

7 

,450 

2 

,483 

7 

,450 

17 

,382 

2 

,483 

12 

416 

7 

450 

22 

349 

702,748 


South  Dakota 
Butte 

Total 

Meade 
Total 

TOTAL 


44 
111 


109 


14 
14 


15 


82 
83 


84 


37,248 
14,899 
52,147 

76,979 
76,979 

129,126 
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CLASSIFICATION  OF 

EXISTING  SURFACE  MINES  BY 

REHABILITATION-RESPONSE  UNITS 


Approximately  27  surface  coal  mines  in  the  Northern  Great  Plains  are  either  mining 
or  are  expected  to  mine  coal  in  sufficient  quantities  to  warrant  concern  for  reclama- 
tion and  rehabilitation  of  disturbed  areas.   Locations  of  these  mines  in  relation  to 
the  rehabilitation-response  units  of  the  Northern  Great  Plains  are  shown  in  figure  2. 
Five  of  the  mines  shown  in  table  5  either  are  proposed  or  are  in  the  developmental 
stage;  consequently,  they  have  no  rehabilitation  history. 

Six  of  these  27  mines  either  have  been  operated  in  the  past  or  are  operating  now 
(table  6) ;  however,  none  of  them  has  a  firm  enough  history  of  rehabilitation  to  be 
included  in  this  report. 

Besides  the  six  surface  coal  mines  listed  in  table  6,  mine  28  (the  Hallett 
Minerals  bentonite  mine) ,  is  operating  in  Treasure  County,  Montana,  on  rehabilitation 
response  unit  41-3-12,  A  rehabilitation  program  has  been  planned,  but  has  not  yet 
been  implemented. 

Either  rehabilitation  research  or  a  rehabilitation-action  program  has  been 
instigated  for  each  of  the  remaining  16  surface  coal  mines  and  3  large  bentonite 
mines  (table  7) .  Their  rehabilitation  experience  or  history  will  be  described.  The 
Soil  Conservation  Service  has  initiated  adaptability  tests  of  a  large  number  of  plant 
species  on  some  of  these  mines.  These  studies  are  not  yet  completed.   Accordingly,  no 
attempt  has  been  made  to  evaluate  that  testing  program  in  this  report. 

These  mines  are  on  14  different  rehabilitation-response  units.  Thus,  of  the 
86  rehabilitation-response  units  on  surface  mineable  lands  in  the  Northern  Great 
Plains,  results  of  rehabilitation  research  or  applied  rehabilitation  treatments  are 
available  for  only  about  17  percent  of  the  rehabilitation-response  units.   Fortunately, 
these  mines  are  distributed  over  a  sufficiently  varied  range  of  rehabilitation-response 
units  to  allow  some  interpolation  of  rehabilitation  results. 
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Table  S .--Proposed  or  undeveloped  major  surface  coal  mines 


State  and 
County 


Mine 
No. 


Mining 
company 


Rehabilitation- 
response  unit 


Wyoming 

Campbell 

10 

Kerr-McGee  Co. 

117-6-11 

7 

Carter  Oil  Co. 

123-12-14 

8 

Atlantic-Richfield  Co. 

117-6-11 

Johnson 

9 

Reynolds  Metals  Co. 

117-6-15 

Sheridan 

6 

Welch  Coal  Co. 

25-12-15 

Table  6. --Major  surface  coal  mines  for  which  no  rehabilitation  data 
nor  experience  are  available 


State  and 

Mine 

Mining 

Rehabilitation- 

County 

No. 

company 

response  unit 

Wyoming 

Converse 

3 

Best  Coal  Co. 

123-6-10 

Montana 

Musselshell 

16 

Reliable  Coal  Co. 

123-12-12 

North  Dakota 

Adams 

27 

Arrowhead  Coal  Co. 

25-5-15 

Burke 

24 

Bonsness  Coal  Co. 

19-9-15 

McLean 

25 

Underwood  Coal  Co. 

19-5-16 

Stark 

26 

Husky- Briquetting  Co. 

30-5-16 
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Table  7. --Coal  and  bentonite  surface  mines  on  which  surface  rehabilitation  activities 

have  occurred 


State  and    \ 
County     \ 

Mine 
No.  : 

Wyoming 
Campbell 

1 

2 

Converse 

4 

Sheridan 

5 

Montana 
Bighorn 

11 

12 

Rosebud 

13 

Mining  company 
and  mine 


Rehabilitation- 
response  unit 


Richland 


North  Dakota 
Oliver 

Mercer 


Burke 

McHenry 
Adams 


14 
15 

20 
21 
22 
23 
24 
25 
26 


COAL  OPERATIONS 

Wyodak  Resources  Development  Co. 

(Wyodak") 

AMAX  Coal  Co. 

(Belle  Ayr) 

Pacific  Power  5  Light  Co. 

(Glenrock) 

Bighorn  Coal  Co. 

(Bighorn) 


Decker  Coal  Co. 

(Decker) 

Westmoreland  Coal  Co. 

(Sarpy  Creek) 

Peabody  Coal  Co. 

(Colstrip) 

Western  Energy  Co. 

(Colstrip) 

Knife  River  Coal  Co. 

(Savage) 


Baukal-Noonan  Co. 

(Center) 

North  American  Coal  Co. 

(Zap) 

Knife  River  Coal  Co. 

(Beulah) 

Consolidation  Coal  Co. 

(Stanton) 

Baukal-Noonan  Co. 

(Noonan  Strip) 

Consolidation  Coal  Co. 

(Velva) 

Knife  River  Coal  Co. 

(Gascoyne) 

BENTONITE  OPERATIONS 


117-6-14 

117-6-13 

123-6-14 

25-6-15 

117-6-15 

31-4-14 

31-12-16 

31-12-16 

26-5-13 

35-5-16 
35-5-16 
23-5-16 
35-5-16 
19-9-15 
19-9-16 
25-5-15 


Montana 

Carter 

29 

International  Minerals  5  Chemical  Co. 
(Carter) 

111-5-14 

30 

American  Barroid  Co. 
(Carter) 

111-5-14 

31 

Federal  Minerals  Co. 
(Carter) 

111-5-14 
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A  brief  description  of  rehabilitation  efforts  and  results  on  the  surface  mines 
listed  in  table  7  follows: 

1.  Wyodak  Resources  Develo-pment  Co.    (Wyodak). — This  mine  is  on  the  Wyodak  seam  in 
northeastern  Wyoming.  The  top  10  feet  of  overburden  is  sandy  and  has  no  adverse 
chemical  characteristics.   Spoil  banks  have  been  graded  to  a  level  or  gently  sloping 
configuration.   An  action  program  was  instituted  to  revegetate  the  completed  areas  of 
spoil  banks.   In  the  spring  of  1972,  areas  were  lightly  disked  and  seeded  to  crested 
wheatgrass,  green  needlegrass,  western  wheatgrass,  and  fourwing  saltbush.  No  supplemental 
irrigation  was  applied.  Excellent  stands  were  obtained  by  planting  on  spoils  from  both 
shallow  and  deep  depths;  however,  vigor  of  stands  grown  on  spoil  banks  derived  from 
shallow  depths  was  better.  Short-term  conclusions  about  this  mine  are  that  (1)  the 
overburden  from  deep  depths  is  not  toxic,  (2)  spoil  banks  finished  off  with  near-surface 
material  provide  better  growth,  (3)  rehabilitation  can  be  accomplished  without  irriga- 
tion, and  (4)  good  rehabilitation  success  can  be  achieved  on  rehabilitation-response 

unit  117-6-14. 

2.  AMAX  Coal  Co,    (Belle  Ayr). — This  mine  is  on  the  Wyodak  seam  in  northeastern 
Wyoming.  The  overburden,  which  consists  of  mixed  sandstone,  claystone,  and  shale,  is 
quite  sandy.  No  toxic  or  sterile  overburden  has  been  encountered.   As  at  the  Wyodak 
mine,  the  upper  10  feet  of  overburden  is  best  for  final  emplacement  on  graded  spoils. 
Spoils  have  been  shaped  to  gentle  slopes  similar  to  the  natural  topography.  No  serious 
erosion  problems  exist.   AMAX,  the  University  of  Wyoming,  and  the  Forest  Service  have 
established  successful  rehabilitation  plantings  on  this  mine.  AMAX  and  the  Soil  Con- 
servation Service  have  initiated  small-scale  test  rehabilitation  programs.  AMAX  has 
planted  most  of  the  areas  that  have  been  rehabilitated.  Approximately  400  acres,  used 
for  spoil  disposal  from  the  mine  pit,  have  been  planted  to  grasses,  forbs ,  and  shrubs 
and  developed  into  a  cattle  grazing  enterprise.   Another  25  acres,  more  or  less,  have 
been  planted  to  protect  and  stabilize  mine  spoils.  The  University  of  Wyoming  has  suc- 
cessfully established  a  number  of  grass  and  legume  species  on  an  experimental  area  of 
only  a  few  acres.  Similarly,  the  Forest  Service  has  an  experimental  planting  of 
several  shrub  and  tree  species  (225  of  each  species) ,  some  of  which  have  established 
successfully. 

Among  the  grass  and  shrub  species  that  have  been  successfully  grown  on  the  Belle 
Ayr  mine  are  western  wheatgrass,  green  needlegrass,  tall  wheatgrass,  and  four  wing 
saltbush.  No  mulches,  soil  amendments,  or  irrigation  have  been  used  in  connection 
with  these  plantings.   Some  have  been  fertilized,  however. 

This  mine  is  representative  of  rehabilitation-response  unit  117-6-13.  Short-term 
conclusions  based  on  results  of  rehabilitation  efforts  are  that  (1)  grading  of  spoils 
to  gentle  slopes  reduces  or  eliminates  erosion  of  the  soil  surface;  (2)  fertilizer 
improves  initial  growth  while  the  ground  is  still  moist,  but  apparently  does  not 
enhance  survival  after  the  ground  dries;  (3)  native  and  adapted  introduced  grasses  and 
shrubs  establish  and  survive  well,  especially  where  the  top  10  feet  of  overburden  has 
been  used  to  finish  off  the  spoil  surface;  and  (4)  in  years  of  average  and  above- 
average  precipitation,  initial  establishment  of  adaptable  plant  species  should  not  be 
difficult  on  this  rehabilitation-response  unit. 

4.  Paoifia  Power  and  Light  Company    (Glenrock) .--Overburden   at  this  mine  consists 
of  mixed  sandstone,  claystone,  and  shale,  and  is  quite  sandy.  Toxic  or  sterile  over- 
burden caused  by  excessive  sodium  has  been  identified,  but  only  in  clay  materials  at 
great  depths  near  the  coal  seams.  As  at  the  Wyodak  and  Belle  Ayr  mines,  the  upper  10 
feet  of  overburden  has  been  found  to  be  best  for  final  surfacing  on  graded  spoils.  The 
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sandy  overburden  strata  ranging  from  about  10  to  60  feet  in  depth  are  also  suitable, 
although  not  quite  as  desirable  as  the  topmost  layers  for  supporting  plant  growth.   This 
mine  has  been  operated  since  1958.   Rehabilitation  activities  were  begun  in  1964,  and 
approximately  550  acres  of  spoils  have  been  revegetated.   Those  areas  reseeded  between 
1964  and  1969  did  not  develop  completely  satisfactory  stands  of  vegetation.   Beginning 
in  1970,  the  company's  Environmental  Group  developed  new  and  better  techniques  for  re- 
vegetating  spoils.   These  techniques  include  using  such  native  species  as  western  and 
thick-spike  wheatgrasses  and  green  needlegrass;  grading  spoils  to  slopes  of  less  than 
3:1;  contour  farming  practices;  and  cross-slope  disking  of  large  amounts  of  straw  mulch 
into  the  surface  spoils.   Since  1971,  the  company  has  reseeded  all  spoils  on  which  un- 
satisfactory plant  cover  had  developed  prior  to  1970.   Currently,  their  rehabilitation 
program  follows  mining  by  from  6  months  to  a  year. 

The  first  fertilizer  used  by  this  company  was  an  aerial  application  made  in  the 
spring  of  1973.  There  has  been  insufficient  time  to  evaluate  its  effects.   In  view  of 
precipitation  of  less  than  14  inches  annually,  the  effects  of  fertilizer  on  plant  cover 
development  may  not  be  as  great  or  as  apparent  or  likely  as  in  a  more  humid  climate. 

In  summary,  the  short-term  conclusions  from  rehabilitation  efforts  on  this  mine, 
which  is  representative  of  response  unit  123-6-14,  are:  (1)  Grading  spoils  to  gentle 
slopes  reduces  erosion  of  the  soil  surface  and  greatly  enhances  contour  farming  tech- 
niques in  rehabilitation;  (2)  native  grasses--as  well  as  some  adapted  introduced  ones-- 
establish  and  survive  very  well  where  the  top  10  feet  of  overburden  is  used  to  finish 
off  the  spoil  surface;  (3)  poorer  but  still  satisfactory  establishment  of  vegetation 
can  be  achieved  where  the  deeper  but  still  sandy  overburden  material  is  used  for  sur- 
facing; (4)  neither  fertilizer  nor  watering  has  been  necessary  to  establish  vegetation 
on  spoils  at  this  mine;  and  (5)  straw  mulch  disked  into  the  spoils  on  the  contour  has 
greatly  enhanced  survival  and  subsequent  plant  growth. 

5.  Bighorn  Coal  Co.    (Bighorn) .--Vais   mine  is  near  Sheridan,  Wyoming,  in 
rehabilitation-response  unit  25-6-15.  Overburden  from  the  mine  has  been  graded  from 
level  to  grades  of  21^:1 •  The  top  several  feet  of  overburden  is  moderately  fertile 
and  stable.   No  severe  surface  erosion  is  evident.   Rehabilitation  work  on  this  mine 
has  been  in  progress  since  1967.   Planted  were  native  grama  grasses,  needlegrasses, 
and  wheatgrasses,  as  well  as  introduced  crested  wheatgrass.  Native  and  introduced 
trees  and  shrubs  were  also  planted.   Rye  has  been  an  extremely  successful  nurse  crop 
for  new  grasses.   When  planted  in  the  spring,  it  sprouts  in  from  1  to  3  weeks.   During 
the  first  year,  it  covers  most  of  the  soil  and  protects  it  against  erosion.  The  Bighorn 
mine's  Plachek  plot,  the  first  planted  in  1967,  supports  a  good  stand  of  perennial 
grasses,  as  do  all  areas  planted  subsequently.   Application  of  phosphorus  and  nitrogen 
fertilizer  to  newly  regraded  spoils  finished  off  with  topsoil  is  an  excellent  boost  to 
new  plant  growth  on  this  mine,  as  long  as  the  soil  is  moist.   Several  tree  species  grow 
well  in  the  area  if  irrigation  water  is  available  at  the  time  of  planting.  Repeated 
watering  during  the  first  growing  season  enables  newly  planted  trees  to  establish  ade- 
quate root  systems.   The  survival  rate  is  substantially  reduced  in  the  absence  of  water. 

The  Bighorn  mine  encroaches  upon  the  Tongue  River,  where  the  river  has  cut  through 
a  series  of  steep  hills.  Part  of  the  area  has  been  reshaped  to  create  a  lake  fed  by 
the  Tongue  River.   Peter  Kiewits  Construction  Co.,  owner  of  the  mine,  and  the  Wyoming 
State  Parks  Department  coordinated  this  reclamation  and  rehabilitation  effort.   A  State 
Park  will  be  finished  at  about  the  same  time  that  mining  is  completed.   Conclusions 
drawn  from  6  years  of  rehabilitation  efforts  at  this  mine  are  (1)  a  nurse  crop  of  rye 
provides  quick  protection  against  surface  soil  erosion  and  enhances  establishment  of 
perennial  vegetation;  (2)  good  stands  of  perennial  grasses  and  a  variety  of  trees  and 
shrubs  can  usually  be  established  on  this  rehabilitation-response  unit;  (3)  establish- 
ment of  grasses  does  not  require  supplemental  irrigation,  but  better  survival  of  trees 
and  shrubs  depends  on  periodic  watering  during  the  first  year.   Fertilizing,  especially 
with  phosphorus  and  nitrogen,  improves  the  rate  of  plant  growth  while  the  soil  is  still 
moist. 
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11.  Decker  Coal  Co.    (Decker) .--This   mine  is  at  Decker,  Montana,  in  rehabilitation- 
response  unit  117-6-15.   Soils  at  the  Decker  mine  contain  excess  soluble  salts  and  ex- 
changeable sodium.   Surface  evaporation  has  drawn  sodium  salts  to  the  surface.   Most 
vegetation  in  the  area,  including  blue  grama  grass,  needlegrass,  and  western  wheatgrass, 
are  drought-,  saline-,  and  alkaline-tolerant  species. 

Surface  soil  was  removed  and  stockpiled  separately  from  the  main  overburden  piles. 
After  mining,  the  overburden  piles  were  regraded  to  a  level  or  gentle  slope,  not  exceed- 
ing 5:1,  and  finished  off  with  topsoil.   After  mining,  the  configuration  of  the  land- 
scape is  similar  to  that  before  mining.   In  most  places,  conventional  farm  machinery- 
could  be  used  for  mine-rehabilitation  activities. 

Rehabilitation  research  at  the  Decker  mine  was  begun  in  1971  by  the  Montana 
Agricultural  Experiment  Station.   Initially,  the  major  emphasis  was  placed  on  overburden 
analysis  to  evaluate  the  seriousness  of  the  saline-alkaline  problem.  More  than  70  plant 
species  were  seeded.   In  the  fall  of  1972,  the  Intermountain  Forest  and  Range  Experiment 
Station  established  a  completely  randomized  block  experiment  on  Decker  mine  spoils  to 
test  the  effects  of  irrigation  versus  no  irrigation,  fertilizer  versus  no  fertilizer, 
and  mulch  versus  no  mulch  on  three  mixtures  of  all  native,  native  and  pasture,  and  all 
pasture  grasses.  No  evaluation  of  the  Montana  Agricultural  Experiment  Station  plantings 
is  available.   First-year  results  of  the  Intermountain  Station's  plantings  indicate 
that  the  best  native  species  are  western  wheatgrass  and  green  needlegrass.  The 
best  responding  introduced  species  are  smooth  brome,  winter  rye,  and  tall  wheatgrass. 
Gypsum  appears  to  mitigate  the  adverse  effects  of  saline-alkaline  soils  on  these  plants. 
Mulching  enhances  early  germination  and  survival  by  conserving  soil  moisture.   Phosphorus- 
nitrogen  fertilizer,  mulch,  and  irrigation  separately  increased  vegetative  growth  and 
production.   Together,  fertilizer,  mulch,  and  irrigation  resulted  in  even  greater  in- 
creases in  production.   Topsoiling,  alone,  produced  good  stands  of  vegetation,  but  not 
as  good  as  those  developed  with  mulch  and  fertilizer.   At  the  end  of  the  first  growing 
season,  European  sage  had  survived  and  grown  well;  it  was  the  best  of  the  planted  shrubs. 

Short-term  conclusions  from  rehabilitation-research  efforts  on  this  mine  are  that 
vegetation  can  be  reestablished  on  rehabilitation-response  unit  117-6-15.  Results  show 
that:  (1)  establishment  of  vegetation  is  likely  to  be  fair  to  poor  in  the  absence  of 
mulching  to  conserve  soil  moisture,  phosphorus  and  nitrogen  to  stimulate  growth,  and 
irrigation  and  gypsum  to  counteract  the  adverse  physiological  effects  of  large  amounts 
of  sodium;  (2)  introduced  grass  species  produce  the  greatest  volume  during  the  first 
year,  but  native  species  produce  surprisingly  more  than  had  been  expected;  and  (3) 
more  research  time  is  needed  on  the  Decker  mine  before  the  stability  and  permanency  of 
planted  vegetation  can  be  evaluated. 

12.  Westmoreland  Resources    (Sarpy  Creek) .--This   mine  is  a  new  one  near  Hardin, 
Montana,  in  rehabilitation-response  unit  31-4-14.  The  area  is  gently  sloping.   Soil 
texture  varies  from  medium  to  moderately  coarse.   Adequate  topsoil  is  available  to  be 
stockpiled  and  used  to  cover  spoil  surfaces  during  rehabilitation.  Native  vegetation 
is  typical  of  vegetation  type  4,  which  consists  of  green  needlegrass,  western  and  blue 
bunch  wheatgrasses,  sideoats  grama,  needle-and-thread,  Idaho  fescue,  skunkbush  sumac, 
chokecherry,  hawthome,  snowberry,  and,  on  some  areas,  ponderosa  pine. 

Overburden  analyses  show  no  significant  differences  between  raw  spoil  materials  and 
surface  materials  in  respect  to  either  sodium  or  salinity  hazard.   At  this  writing 
(early  1974) ,   1973  fall  plantings  have  not  yet  germinated  and  developed.  No  problem 
is  apparent  in  soil  toxicity,  vegetative  suitability,  or  precipitation  characteristics 
that  would  prevent  establishment  of  plant  cover  on  this  mine.  The  limiting  factor  is 
likely  to  be  rather  mediocre  natural  productivity  of  this  soil. 

13  §  14.  Peabody  Coal  Co.    and  Western  Energy  Co.    (Cols trip) . --These   two  mines  are 
located  at  Colstrip,  Montana,  in  rehabilitation-response  unit  31-12-16.   Soil  texture 
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varies  from  moderately  fine  to  coarse.  Vegetation  typifies  the  mid-short  grass  prairie, 
but  scattered  stands  of  ponderosa  pine  occur.   Surface  soil  materials  are  available  on 
both  mines  in  ample  quantities  to  cover  less  desirable  overburden  materials. 

Both  Peabody  and  Western  Energy  Co.  have  cooperated  extensively  in  a  research  pro- 
gram with  the  Montana  Agricultural  Experiment  Station.   Using  different  site-preparation 
methods,  scientists  from  Montana  State  University  have  screened  many  species  of  grasses, 
shrubs,  and  trees  for  adaptability  to  conditions  on  these  two  mines.  Two  seams  of  coal 
are  being  mined  at  the  Peabody  site.   During  early  mining  activity,  a  toxic  blue-gray 
shale  between  the  seams  was  deposited  on  the  surface,  creating  difficulties  in  establish- 
ing vegetation.  Mining  techniques  have  since  been  changed  to  correct  this  situation. 
Rehabilitation  research  has  been  underway  longer  at  Colstrip  than  at  any  other  site 
in  Montana.   Short-terra  (3-year)  results  indicate  that  successful  rehabilitation  of 
response  unit  31-12-16  with  a  variety  of  grasses,  shrubs,  and  trees  is  highly  probable. 
The  most  limiting  major  factor  is  the  inherent  mediocre  productivity  of  soil  associa- 
tion 31. 

15.  Knife  River  Coal  Co.    (Savage) .--This   mine,  near  Savage,  Montana,  is  on 
rehabilitation-response  unit  26-5-13.  Topography  is  gently  sloping  with  shallow-to- 
deep,  well-drained  soils.  Texture  of  the  soil  is  loam  to  sandy  loam,  Topsoil  materials 
range  up  to  2  feet  in  thickness  and--if  stockpiled--are  adequate  for  finishing  graded 
spoils  during  reclamation.   Similarly,  the  sandy,  yellowish -brown  silt  loam,  and  fine 
sandy  loam  material  of  the  overburden  beneath  the  topsoil  are  satisfactory  for  finish- 
ing graded  spoil  surfaces.   Gray  clay  or  silty  clay  above  and  between  the  coal  seams 
are  toxic  and  should  be  buried  during  the  mining  operation.  Native  vegetation  is 
mid-grass  prairie,  mostly  western  and  slender  wheatgrasses,  green  needlegrass,  and 
prairie  sand  reed. 

Several  years  ago,  the  Knife  River  Coal  Co,  began  grading  old  spoils  to  a  gentle 
grade  and  planting  them.  The  company  has  cooperated  with  the  Montana  Agricultural 
Experiment  Station  and  the  Soil  Conservation  Service  in  several  experimental  plantings. 
Excellent  stands  of  both  introduced  and  native  grasses  have  been  obtained,  and  several 
species  of  trees  have  been  established  successfully.   This  success  was  obtained  on 
spoils  that  were  leveled  to  3:1  slopes.   Standard  seeding  and  planting  techniques  and 
commonly  available  plant  materials  were  used.   Much  of  this  success  can  be  attributed 
to  the  good  productivity  and  stability  characteristics  of  soil  association  26,  as  well 
as  to  the  rich  and  vigorous  flora  of  the  mid-grass  prairie. 

20.  Baukat-Noonan   (Center) .--This   mine  is  a  few  miles  southeast  of  Center,  North 
Dakota,  on  rehabilitation-response  unit  35-5-16.   The  terrain  is  rolling,  the  soil  is 
loamy,  and  the  overburden  is  sandy  and  shaley.   Spoils  on  this  mine  have  been  unusually 
well  shaped  and  blended  into  the  natural  landscape. 

Research  has  shown  that  the  overburden  on  lignite  coal  deposits,  which  characterize 
most  of  North  Dakota,  contains  substantially  higher  quantities  of  sodium  than  does  the 
overburden  on  the  sub-bituminous  coal  deposits  in  eastern  Montana  and  northeastern 
Wyoming  (Sandoval  and  others  1973) .  This  difference  has  given  rise  to  more  serious 
sodium-toxicity  problems  in  connection  with  rehabilitation  efforts  on  surface  mines  in 
North  Dakota  than  has  been  experienced  on  most  mines  in  Montana  or  Wyoming,   Whereas 
sodium  content  of  overburden  from  Baukal-Noonan's  (Center)  North  Dakota  mine  is  some- 
what higher  than  that  encountered  on  the  Montana  and  Wyoming  mines,  it  is  still  substan- 
tially less  than  that  on  any  other  major  North  Dakota  mine.   Accordingly,  overburden  on 
this  mine  forms  a  relatively  favorable  planting  medium,  limited  only  by  the  rather 
mediocre  inherent  productivity  of  soil  association  35,   A  variety  of  cool-season  grasses 
and  legumes  have  been  planted  on  this  mine,  including  western  wheatgrass,  big  and  little 
bluestem,  sweet  clover,  and  crown  vetch.   Success  of  various  plantings,  including  those 
areas  drilled  in  the  fall  of  1972,  is  generally  good.   This  soil  association  has  poor 
stability  characteristics,  and  deep  rilling  has  occurred  where  spoil  slopes  were  too 
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steep  for  cross-slope  finish  work.  Where  spoils  have  been  drilled  upslope  and  down- 
slope,  a  high  erosion  hazard  exists.   Level  or  gentle  slopes  and  cross-slope  cultivation 
appear  to  be  essential  for  permanently  stable  reclamation  of  this  rehabilitation-response 
unit. 

21.  North  Amerioan  Coal  Co.    (Zap) .--This   mine,  near  Zap,  North  Dakota,  is  on  reha- 
bilitation-response unit  35-5-16.  Overburden,  which  resulted  from  mining  here, has  been 
shown  to  have  the  second  highest  average  sodium  content  of  eight  major  mines  sampled  in 
North  Dakota.   Spoils  from  this  mine  have  the  highest  sodium- adsorption  ratio  and  pH  of 
any  mine  for  which  records  are  available  in  the  Northern  Great  Plains  (Sandoval  and 
others  1973).  The  fine-textured  spoil  materials  consist  largely  of  montmorillonitic 
clay,  are  low  in  natural  organic  matter,  and  are  highly  toxic  to  vegetation. 

Overburden  from  this  mine,  except  that  within  approximately  10  feet  of  the  original 
surface,  presents  a  tremendous  rehabilitation  problem  if  placed  on  the  surface  of 
graded  spoils.   Analyses  of  North  Dakota  overburden  by  depth  increments  indicate  that 
the  sodic  nature  of  the  spoils  increases  with  depth  within  the  feasible  depth  range 
for  surface  mining.   Experience  on  this  mine  indicates  that,  over  a  period  of  several 
years,  adsorbed  sodium  in  the  mine  spoils  can  be  reduced  by  a  chemical  amendment 
(gypsum)  or  circumvented  by  a  surface  layer  of  soil.   Little  success  has  been  achieved 
in  rehabilitating  raw  spoils  originating  from  deep,  sodic  layers.  The  dispersing 
effect  of  sodium  renders  the  spoil  material  highly  impermeable  and  erodible. 

IVhere  graded  spoils  have  been  finished  off  with  overburden  from  shallow  depths, 
immediately  fertilized  with  phosphorus,  treated  within  2  years  with  nitrogen,  together 
with  vegetative  mulch  disked  into  the  spoil  surface,  grass  production  has  increased 
as  much  as  1,000  percent  compared  to  the  production  on  raw  spoils. 

On  this  mine  and  others  that  have  similar  adverse  spoil  characteristics,  further 
research  is  needed  to  overcome  toxicity  problems  before  these  spoils  can  be  success- 
fully and  directly  rehabilitated.  Where  shallow  nontoxic  overburden  or  surface  soil 
can  be  used  to  finish  spoil  surfaces,  immediate  and  successful  rehabilitation  to  mid- 
grass  prairie  or,  in  some  cases,  to  cultivated  grain  crops,  can  be  achieved. 

22.  Knife  River  Coal  Co.    (Beulah) .--This   mine  is  near  Beulah,  North  Dakota,  in 
rehabilitation-response  unit  23-5-16.  Overburden  materials  on  this  mine  have  essen- 
tially the  same  sodium  and  pH  characteristics  as  those  in  overburden  on  the  North 
American  mine  at  Zap.   Little  real  success  has  been  experienced  in  attempts  to  rehabil- 
itate raw  surface  spoils  originating  from  deep  levels  in  this  mine.   On  the  other  hand, 
attempts  to  rehabilitate  spoils  from  within  approximately  10  feet  of  ground  surface  or 
spoils  dressed  with  surface  soil  by  using  both  introduced  and  native  grasses  and  leg- 
umes have  been  successful.  One  reason  for  this  success  is  the  inherent  good  stability 
and  productivity  characteristics  of  soil  association  23. 

23.  Consolidation  Coal  Co.    (Glenharold) . — This  mine,  near  Stanton,  North  Dakota, 
is  in  rehabilitation-response  unit  35-5-16.  The  soil,  native  vegetation,  and  precip- 
itation characteristics  of  this  mine  are  similar  to  the  North  American  mine  at  Zap; 
however,  the  terrain  is  considerably  more  steep  and  hilly.   Soils  are  loamy,  but 
shallower  because  of  the  steeper  topography.   Overburden  is  dominantly  grayish-white, 
and  the  surface  dries  hard  after  being  wet,  indications  of  high-sodium  content.  Tests 
of  overburden  at  this  mine  confirm  that  the  sodium  content  is  toxical ly  high,  although 
not  as  high  as  in  the  Knife  River  mine  at  Beulah  or  in  the  North  American  mine  at  Zap 
(Sandoval  and  others  1973).   Soil  association  35  has  poor  stability  characteristics; 
these  are  reflected  on  the  steeper  spoil  slopes  where  rilling  and  gullying  have  occurred. 

Where  overburden  from  shallow  depths  or  topsoil  has  been  used  to  finish  the 
surface  of  graded  spoils,  good  rehabilitation  results  have  been  achieved.  Mined  areas 
are  now  being  graded  to  gentle  slopes,  disked,  and  seeded  to  native  cool-season  grasses. 
The  Consolidation  Coal  Co.  has  treated  about  80  acres  of  raw  spoils  in  this  manner. 


They  have  replaced  topsoil  on  a  smaller  acreage  and  grown  wheat.  The  company  and 
the  Soil  Conservation  Service  have  planted  a  variety  of  shrubs  and  trees,  to  evaluate 
their  suitability  for  use  in  rehabilitating  these  kinds  of  areas.   Species  being 
tested  include  Russian  olive,  caragana,  and  prairie  rose.   About  90  percent  of  these 
species  have  survived.   Where  problems  associated  with  high-sodium  spoils  have  been 
circumvented,  vegetation  has  become  so  well  established  that  many  areas  appear  to  be 
undisturbed. 

24.  Baukal-Noonan  (Noonan  Strip). — This  mine  is  near  Larsen,  North  Dakota,  in 
rehabilitation-response  unit  19-9-15.   Coal  from  deep  levels  of  this  mine  has  the  high- 
est sodiiim  content  of  any  sampled  in  North  Dakota  (Sondreal  and  others  1968)  ;  conse- 
quently, it  is  postulated  that  the  adjacent  overburden  is  also  high  in  sodium  and  is 
probably  toxic  for  rehabilitation  purposes  when  left  on  the  surface  of  graded  spoils. 
Surface  soil  from  soil  association  19  on  this  mine  has  good  stability  and  productivity. 
Rehabilitation  experience  here  is  similar  to  that  already  noted  on  other  North  Dakota 
mines:  little  success  on  raw  spoils  from  deep  levels;  more  success  on  spoils  from 
shallow  depths;  and  most  success  where  surface  soil  has  been  removed  and  then  replaced 
as  a  finish  for  graded  spoils. 

25.  Consolidation  Coal  Co.    (VeZva) . — This  mine  is  near  Velva,  North  Dakota,  in 
rehabilitation-response  unit  19-9-16.  Tests  on  10  major  surface  mines  in  the  Northern 
Great  Plains  indicate  that  although  the  average  sodium  content  of  overburden  from  this 
mine  is  substantially  greater  than  that  in  the  Montana-Wyoming  area,  it  is  still  only 
about  half  the  sodium  content  encountered  on  most  surface  mines  in  North  Dakota 
(Sandoval  and  others  1973).  Spoils  on  this  mine  have  been  graded  to  gentle  slopes. 
The  soil  is  stable,  and  regraded  spoils  show  little  erosion.   Rehabilitation  success 
has  not  been  good  on  raw  spoils  originating  from  deep  overburden.  However,  rehabilita- 
tion efforts  on  shallow  overburden  materials  or  on  surface  soil-dressed  spoil  areas 
seeded  with  wheat grasses,  bluestems,  and  legumes  have  been  successful. 

26.  Knife  River  Coal  Co.    (Gasaoyne) . — This  surface  mine  is  at  Gascoyne,  North 
Dakota,  in  rehabilitation-response  unit  25-5-15.   Surface  soils  in  this  rehabilitation- 
response  unit  and  on  this  mine  are  productive  and  stable.   The  soil  is  loamy  and  the 
terrain  is  level  to  gently  rolling.   Coal  is  at  a  relatively  shallow  depth,  which 
necessitates  removal  of  less  than  SO  feet  of  overburden.   Sodium  should  not  present  a 
serious  problem.   Accordingly,  tests  show  that  the  average  sodium  content  is  less  than 
that  from  any  other  North  Dakota  mine  tested  (Sondreal  and  others  1968) .  The  Knife 
River  Co.  began  reclamation  work  in  1971.   Some  spoils  have  been  reshaped  to  undulating 
topography.  Cool-season  grasses  have  been  seeded  and  are  establishing  successfully. 

29 .  International  Minerals  and  Chemical  Co. j 

30.  Amerioan  Barroid  Co.;   and 

31.  Federal  Minerals  Co.    (Alzad/i,  Montana)  .-- 

These  three  bentonite  mines  are  located  in  rehabilitation-response  imit  111-5-14. 
The  topography  is  nearly  level  to  gently  sloping.   Soil  texture  varies  from  claypan 
spots  to  sandy  loams.   Little  weathering  or  soil  development  has  occurred  on  pan  spots, 
and  surface  materials  for  reclamation  are  not  available  from  these  sites.  Most  of  the 
area  has  medium- textured  soils  supporting  a  good  cover  of  western  wheatgrass,  needle- 
and- thread,  prairie  sand  reed,  and  other  desirable  species.   Some  bur  oaks  occur  on 
these  sites.   Such  sites  can  provide  weathered  soil  material  necessary  for  reclaiming 
mined  areas.   Reclamation  activities  on  these  mines  include  the  placement  of  about 
4  inches  of  surface  soil  over  all  disturbed  areas.  This  has  been  sufficient  to  support 
good  seeded  stands  of  grasses,  mostly  western  wheatgrass,  green  needlegrass,  and 
crested  wheatgrass.  The  raw  overburden  is  usually  composed  of  saline  clays,  and  stands 
do  not  become  well  established  unless  these  materials  are  dressed  with  surface  soil. 
The  companies  in  this  area  have  been  cooperating  with  the  Soil  Conservation  Service 
Plant  Materials  program  to  evaluate  a  variety  of  plant  materials  for  possible  use  in 
revegetating  mine  spoils. 
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IMPACTS  OF  DEVELOPMENT 

OF  THE  COAL  RESOURCE  ON 

SURFACE  REHABILITATION 


To  this  point,    this   report  has  been   concerned  with   descriptions   of  soil   associa- 
tions,   vegetation  types,    and  precipitation  characteristics   that   combine   to  delineate 
different   rehabilitation-response  units   on  the  surface  mineable   lands   of  the  Northern 
Great  Plains.     The  remainder  of  the  report   analyzes   and  summarizes   the  degree   of  potential 
success   that  might  be  expected  in  attempting  to  reclaim  and  revegetate  different 
rehabilitation-response  units. 

Rating  Criteria  for  Ranking  Response  Units 
According  to  Their  Rehabilitation  Potentials 

Ranking  of  rehabilitation-response  units   according  to  their  rehabilitation  poten- 
tials  depends   upon   combined  ratings   of  soil  productivity  and  stability,   vegetation 
suitability  and  availability  for  rehabilitation,    and   amount   and  distribution  of  annual 
precipitation.      Each  of  these  soil,   vegetation,    and  precipitation   characteristics  was 
rated  on  a  descriptive-numerical   scale   as   follows:   very  good   (+9),   good   (+6),    fairly 
good   (+3) ,    fair   (0) ,    fairly  poor   (-3) ,   poor   (-6) ,    and  very  poor   (-9) . 

Soil  association  productivity  and  stability  ratings  .--Tine  productivity  and  sta- 
bility of  each  surface  mineable  soil   association   in  the  Northern  Great  Plains  was   rated 
by  means   of  the  scale  described  above.      Information   concerning  the  productivity  and 
stability  of  the  soil   associations  was   obtained  from  Aandahl's    (1972)    description  of 
soil   associations   of  the  Northern  Great   Plains.     These  ratings   are  shown  in  table  8. 
Also  presented  is   a  combined  rating   for  each   soil   association,   obtained  by  averaging 
productivity  and  stability  ratings.      These   combined  ratings   show  that  soil   associations 
19   and  25    (each   rated  +8)    are  the  most  productive  and  stable  of  these  soil   associa- 
tions.    Combined  ratings   also  show  that   soil   association   123    (rated  -8)    and  soil 
associations    121   and  184    (each  rated  -9)    are  the   least  productive  and  most  erodible 
of  the   17  soil   associations. 

Vegetation  type  suitability  and  availability  ratings. — The  suitability  of  major 
native  plant  species   in  each  of  the  nine  surface  mineable  vegetation  types   and  their 
availability  for  rehabilitation  purposes  were  also  rated.      These  two  ratings  were 
averaged  to  provide   a  single   combined  suitability-availability  rating  of  major  species 
for  rehabilitation  in  each  of  these  vegetation  types.     These  ratings   are  presented  in 
table  9.     They  show  that   the  mid-tall   grass   prairie  has   the  most   suitable  and  available 
plant  species   for  successful  rehabilitation.      They  also  indicate  that   the  Badlands 
offer  the  poorest   chance   for  rehabilitation;   however,   with   the  exception  of  the  Bad- 
lands,   all   vegetation  types   contain  some  plant  species   that   are  suitable  and  available 
for  rehabilitation  purposes. 
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Table  S. --Relative  ranking  of  soil  associations  in  terms  of  productivity 

and  stability 


Soil 

association 

Productivity 

Stability 

Combined 

No. 

rating 

rating 

rating 

19 

+6 

+9 

+8 

23 

+6 

+6 

+6 

25 

+9 

+6 

+8 

26 

+6 

+6 

+6 

27 

+3 

+3 

+3 

30 

t3 

+3 

+3 

31 

0 

-6 

-3 

33 

0 

-6 

-3 

34 

0 

-6 

-3 

35 

0 

-9 

-5 

44 

-3 

-3 

-3 

109 

-9 

0 

-5 

111 

-6 

-3 

-5 

117 

-6 

0 

-3 

121 

-9 

-9 

-9 

123 

-9 

-6 

-8 

184 

-9 

-9 

-9 

Table  ^.--Relative  ranking  of  vegetation  types  in  terms  of  suitability 
and  availability  of  plant  species  for  rehabilitation 


Type 

Suita- 

Availa- 

Combined 

Vegetation  type 

No. 

bility 
rating 

bility 
rating 

rating 

Floodplain 

1 

-6 

-3 

-5 

Badlands 

2 

-9 

-9 

-9 

Short  grass  prairie 

3 

-3 

0 

-2 

Mid-short  grass  prairie 

4 

-3 

0 

-2 

Midgrass  prairie 

5 

0 

+6 

+  3 

Grassland-sagebrush 

6 

+6 

+3 

+5 

Sagebrush  steppe 

7 

+3 

-3 

0 

Mid-tall  grass  prairie 

9 

+9 

+9 

+9 

Ponderosa  pine  forest 

12 

0 

+6 

+3 

Precipitation  amount  and  seasonal  distribution  ratings. — The  amount  and  seasonal 
distribution  of  annual  precipitation  on  surface  mineable  lands  of  the  Northern  Great 
Plains  were  rated  by  means  of  the  descriptive-numerical  rating  scale.  These  two 
ratings  were  averaged  to  provide  a  combined  precipitation  rating.   In  table  10,  as 
might  be  expected,  these  ratings  show  that  areas  that  have  more  than  16  inches  of 
annual  precipitation  have  the  best  potentials  for  rehabilitation;  those  areas  that 
have  less  than  12  inches  have  the  poorest  potentials. 
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Table  10 .- -Relative  ranking  of  preoipitation  zones  in  terms  of  annual 
amounts  and  seasonal  distribution 


Precipitation 

Amount 

Distribution 

Combined 

zone 

rating 

rating 

rating 

<12 

-9 

-9 

-9 

12 

-6 

-6 

-6 

13 

-3 

-3 

-3 

14 

0 

0 

0 

15 

+3 

+3 

+3 

16 

t6 

■»-6 

+6 

>16 

+9 

t9 

+9 

Rehabilitation  Potential  Rankings  of  Response  Units 

Combined  ratings   of  soil,   vegetation,    and  precipitation   characteristics  must  be 
translated  into  one  rehabilitation-potential   ranking  for  each  kind  of  rehabilitation- 
response  unit   on  surface  mineable   lands   in  the  Northern  Great   Plains;    consequently, 
the   combined  rating  values   of  the   appropriate   soil   association    (table  8),   vegetation 
type    (table  9),    and  precipitation   zone    (table   10)    comprising  each   rehabilitation- 
response  unit  were  added  together  algebraically  and  averaged.      This  process  provided 
a  ranking  number  for  each   rehabilitation-response  unit   that  had  a  potential   value  of 
from  +9   to  -9.     These   ranking  numbers   indicate   the  relative  degree  of  ease  or 
difficulty    (potential)    that   should  be   anticipated  in  attempting  to  rehabilitate  a 
unit  ax-ea  of  surface-mined   land  of  given  soil,   native  vegetation,    and  precipitation 
characteristics.     These  ranking  values   for  all   response  units   range   from  +6  to  -5, 
an  indication  that  none  of  the   rehabilitation-response  units   exhibits   either  the 
best   or  the  worst  potential    for  rehabilitation. 

The  total   area  of  each  kind  of  rehabilitation-response  unit   in  each  State  and 
county  of  the  Northern  Great   Plains   coal   province   is   shown  in  table  4.     The  area  of 
each  kind  of  rehabilitation-response  unit   to  be  mined  in  each   of  five  sample  areas 
was   calculated  from  the  tonnage  production   figures   determined  for  each  of  three  coal 
development   forecasts  during  three  time   frames  .  ^ 


Unpublished  report   of  the  Northern  Great   Plains   Resource  Study,   U.S.   Dep. 
Interior.      The  three   coal   resource  development   forecasts  assumed  in  this   report  are 
(1)   base   forecast,   which   is   continued  development  of  the   coal   resource,   including 
coal   for  exports   and  energy- conversion   facilities,    at   about   the  same  rate  as  pre- 
vailed in   1972;    (2)    most  probable   forecast,   which   is   development   at   a  rate  several 
times   greater  than  that   of  the  base   forecast;    and   (3)  extensive  forecast ,  which   is 
development   at  the  highest  rate  that   is   physically  and  economically  feasible.      The 
three  time   frames   are  the  periods    1972   to   1980,    1980  to   1985,    and   1985  to  2000. 
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Table  II. --Rehabilitation  potential  rankings  weighted  by  areas  that  will  be  surface  mined  under  each 
of  three  foreoaste  of  development  of  the  coal  resource  and  three  time  frames'^ 


Coal  resource 

Mercer- 

Northern 

development 

By  the 

Campbell 

Bighorn 

Rosebud 

Oliver 

All  other 

Great  Plains 

forecast 

year 

County 

County 

County 

Counties 

counties 

total 

Base 

1980 
1985 
2000 

+48 

-2,712 

-10,991 

+  192 
+1,252 
+4,432 

+1,086 
+2,781 
+7,866 

+5,483 
+10,663 
+26,203 

0 

+4,155 

+17,820 

+6,809 
+16,139 

+45,330 

Most 

probable 

1980 
1985 
2000 

+48 

-2,712 

-18,881 

+  192 

+2,280 

+14,355 

+1,086 

+2,781 

+19,491 

+5,483 
+10,663 
+36,808 

0 

+4,155 
+64,230 

+6,809 

+17,167 

+116,003 

Extensive 

1980 
1985 
2000 

+48 

-2,409 

-28,283 

+  192 

+3,200 

+25,400 

+1,086 

+4,176 

+52,506 

+5,483 

+31,873 

+121,148 

0 

+34,375 
+207,385 

+6,809 

+71,215 

+378,156 

Degree  ratings  X  area  mined. 


Table  12. --Surface -mined  areas  that  will  require  rehabilitation  under  each  of  three  forecasts  of 

development  of  the  coal  resource  and  three  time  frames 


Coal  resource 

Mercer- 

Northern 

development 

By  the 

Campbell 

Bighorn 

Rosebud 

Oliver 

All  other 

Great  Plains 

forecast 

year 

County 

County 

County 

Counties 

counties 

total 

Base 

1980 

56 

96 

1,605 

2,599 

0 

4,356 

1985 

2,036 

1,276 

4,900 

5,999 

900 

15,111 

2000 

7,977 

4,816 

14,785 

16,199 

3,840 

47,617 

Most 

1980 

56 

96 

1,605 

2,599 

0 

4,356 

probable 

1985 

2,341 

1,533 

4,900 

5,999 

900 

15,673 

2000 

12,287 

9,018 

22,690 

26,804 

18,330 

89,129 

Extensive 

1980 

56 

96 

1,605 

2,599 

0 

4,356 

1985 

2,341 

1,993 

6.295 

13,069 

8,870 

32,568 

2000 

25,890 

13,528 

43,975 

54,584 

57,110 

195,087 

Table  Xl^. --Average  weighted  rehabilitation-potential  rankings  for  each  of  three  forecasts  of 

development  of  the  coal  resource  and  thcee  time  frames 


Coal  resource 

Mercer- 

Northern 

development 

By  the 

Campbell 

Bighorn 

Rosebud 

Oliver 

All  other 

Great  Plains 

forecast 

year 

County 

County 

County 

Counties 

counties 

total 

Base 


1980 
1985 
2000 


+0.86 
-1.33 
-1.38 


+  2.00 
+0.98 
+0.92 


+0.68 
+0.57 
+0.53 


+2.11 
+  1.78 
+  1.62 


+4.62 
+4.64 


+  1.56 
+  1.07 
+0.95 


Most 

probable 


1980 
1985 
2000 


+0.86 
-1.16 
-1.54 


+  2.00 
+  1.49 
+  1.59 


+0.68 
+0.57 
+0.86 


+  2.11 
+  1.78 
+  1.37 


+4.62 
+3.50 


+  1.56 
+  1.10 
+  1.30 


Extensive 


1980 
1985 
2000 


+  0.86 
-1.03 
-1.09 


+2.00 
+  1.61 
+  1.88 


+  0.68 
+0.66 
+  1.19 


+2.11 
+  2.44 
+2.22 


+  3.88 
+3.63 


+  1.56 
+2.19 
+1.94 
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The  area  value  and  rehabilitation-potential   ranking  value  of  each  rehabilitation- 
response  unit  were  multiplied  together  for  each  of  the  three  time   frames  within  each  of 
the   three   coal    forecasts.      Essentially,    this   means   that   rankings,   which   indicate  the 
relative  potential    for  rehabilitating  a  unit   area  of  a  given  response  unit,   have  been 
weighted  by  areas    (acres   that  need  to  be  mined  to  meet  the   coal   production  requirements 
of  each   forecast) .    The  algebraic  totals   of  these  weighted  rankings   are  summarized  in 
table   11.      For  purposes   of  comparison,   only  surface-mined  area  values  are   listed  in 
table   12.      Finally,    the  weighted  rankings    (table   11)    are  divided  by  the   area-mined 
values    (table   12),   which  provides   the  average  weighted  rehabilitation-potential   rankings 
of  the   five  sample  areas   for  each   coal -development   forecast   and  each   time   frame.      These 
average  weighted  rehabilitation-potential   rankings   are  summaried  in  table   13. 

Implications  of  Response  Unit  Rankings  for  Rehabilitation 
of  Surface  Mines  in  the  Sample  Counties  and  Other  Areas 

Inspection  of  the   rehabilitation-potential   rankings  weighted  by  areas   that  will  be 
surface  mined   (table   11)    reveals   that   rehabilitation- response  units  that   characterize 
Mercer   and  Oliver  Counties   in  North  Dakota  collectively  have   a  much  higher  potential 
for  successful   rehabilitation  than  do  those   in  the  other  sample  counties;   soils   are 
more  productive,   vegetation  types   more  suitable,    and  precipitation  higher  in  Mercer  and 
Oliver  Counties   than  in  the  other  sample   areas.      The  weighted  rehabilitation-potential 
rankings    (table   11)    also  show  that   Rosebud  County,   Montana,   has   the  next  best  potential 
for  successful   rehabilitation,    followed  by  Bighorn  County,   Montana,    and  Campbell  County, 
Wyoming.     The  poorest  rehabilitation  potential,   recorded   for  Campbell  County,    results 
from  a  combination  of  poorly  productive  soils,  vegetation  types   that  have   fewest   suitable 
and  available  species,    and  the   lowest  precipitation  in  the  Northern  Great  Plains   coal 
province.      Those   areas   of  the  Northern  Great   Plains   coal  province   (All   other  counties, 
tables    11,    12,    and   13)    outside  the  boundaries   of  sample  counties   exhibit   rehabilitation- 
potential   rankings  nearly  as   good  and,    in  some   cases,   better  than  those  of  Mercer  and 
Oliver  Counties. 

As   might  be  expected,    the  rehabilitation-potential   rankings    (table   11)   become 
larger  in  either  a  positive  or  negative  direction   as   the   coal-development   forecast 
shifts   from  base  to  most  probable   to  extended   (see   footnote   1) .     An  exception  occurs 
up  to  the  year  1980  because  the  kinds  of  rehabilitation-response  units   and  the  areas 
thereof  to  be  mined  in  that   time   frame   are  the   same   for  all   three  development   forecasts. 

Table   12   reveals   that   the  surface-mined  areas   requiring   rehabilitation  will 
increase   as   coal  development  shifts   from  base  to  most  probable  to  extended  and  as   the 
time  frame  moves   from  year  1980   to   1985  to  2000.      In  themselves,   these  increases   in 
acreages   to  be  mined  imply  an  increasingly   larger  rehabilitation  job,    regardless   of 
location. 

The   average  weighted  rehabilitation-potential   rankings   are  presented  in  table   13. 
These  values   reveal   information  similar  to  that   in  table   11;   however,   the  masking  effect 
caused  by  differences   in  the   areas   to  be  mined  has  been   removed.      Values   in  table   13 
reveal   several  kinds   of  important   information: 

1.  Throughout  the  Northern  Great  Plains  coal  province,  and  especially  in  the 
sample  counties,  the  average  potential  for  successfully  rehabilitating  surface-mined 
lands  increases  with  a  shift  from  base  to  most  probable  to  extensive  coal-development 
forecasts.  Accordingly,  as  the  intensity  of  surface  mining  increases,  progressively 
more  mining  will  be  done  on  rehabilitation-response  units  that  have  high  rehabilita- 
tion potential  rankings  than  will  be  done  on  those  that  have  low  ones.  In  the  re- 
mainder of  the  region,    the   average  weighted  rehabilitation-potential   rankings   decrease 
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with   intensification  of  mining  activity.     This   decrease   indicates   that  with   intensi- 
fied development  of  the   coal   resource   in  these   areas,   progressively  more  response  units 
of  low  rehabilitation  potential  will  be  mined.      Nevertheless,    even  with   intensified 
development,    average  potentials    for  rehabilitation   in  these   areas   are  higher  than  in 
any  of  the  sample  county  areas. 

2. --The  highest   average  weighted  rehabilitation-potential   rankings   occur  on 
regional   areas   outside  sample   county  areas.     The  Mercer  and  Oliver  County  areas  have 
the  highest   rankings   of  the  sample   counties,    followed  in  decreasing  order  by  Bighorn, 
Rosebud,    and  Campbell  Counties.      The   lowest   rehabilitation-potential   rankings,   which 
average  out   to  be  negative  values,    occur   in  Campbell   County. 

3. --Within  the  base-development   forecast,    each   sample   county  exhibits   a  decrease 
in   average  rehabilitation-potential   rankings   as   the  time   frame   shifts    from  1980   to 
1985   to  2000.      In  other  words,    the  moderate  increase  in  mining  intensity  associated 
with   the  changing  time   frame  in  the  base-development   forecast  will   result   in  the 
mining  of  a  higher  proportion  of  rehabilitation-response  units   of  low  rehabilitation 
potentials.      Except    for  sample    counties,    virtually  no  mining  development   is   scheduled 
prior  to   1980,    and  the  average   rehabilitation-potential   rankings   are  about  the  same 
for  1985   and  2000. 

4. --Within  the  most  probable   development   forecast,    a  decrease   in  the   average 
rehabilitation-potential   ranking  of  each   sample   county  occurs  between   1980   and   1985. 
Essentially,    this   decrease   is   similar  to  that   occurring   over  the  same  time   frame   in 
the  base-development   forecast.      However,   between  the  years   1985   and  2000,    a  further 
continued  decrease   in  the  average   rehabilitation-potential   rankings   occurs   only  in 
Campbell,   Mercer,    and  Oliver  Counties,    and  in  regional   areas   outside  sample  counties. 
In  Bighorn  and  Rosebud  Counties,    average   rehabilitation-potential   rankings  based  on 
the  most  probable  development   forecast,   will    increase   from  1985   to   2000.     This   increase 
indicates   that   current   scheduling  of  mining  activities   in  these  two  counties   includes 
more  rehabilitation-response  units   of  high-rehabilitation  potential   than  of  low. 

5. --Within  the  extensive  development   forecast,   the   average   rehabilitation- 
potential   ranking  for  Campbell  County   decreased  throughout   the  three   time   frames. 
In  Bighorn  and  Rosebud  Counties,    rehabilitation-potential   rankings   decreased  from 
1980   to   1985,   but   increased  again  between   1985   and  2000.      On  the  other  hand, 
rehabilitation  rankings    for  Mercer  and  Oliver  Counties   increased   from   1980   to   1985, 
but   decreased  between   1985   and  2000.      Although   rehabilitation-potential    rankings 
for  regional   areas   outside  sample   counties  were  the  highest   in  the   entire  study  area, 
they  decreased  between   1985   and  2000.      These   increases   and  decreases   in  rehabilitation- 
potential   rankings   indicate  differences   in   relative  ease  of  rehabilitating  surface- 
mined   lands.      Differences   result   from  the   sequential   order  in  which  rehabilitation- 
response  units   of  better- than-average   and  poorer- than-average  potentials   for  rehabili- 
tation are  scheduled  for  mining.      Comparisons   such   as  have  been  made  here  could  be 
utilized  to  restructure  tile   development   forecasts.      Such   restructuring  could  establish 
a  more  uniform  distribution  of  rehabilitation  potentials  with   respect   to   time;    and, 
hence,    a  more  uniform  rehabilitation  effort   throughout   any  coal-development  period 
for  any  given  portion  of  the  Northern   Great   Plains. 

Comparison  of  Rehabilitation-Potential  Rankings  From  Actual 
Rehabilitation  Efforts  and  From  Classification  of  Response  Units 

Table  7  lists  16  coal  and  3  bentonite  mines  for  which  descriptive  information 
exists  as  to  relative  success  of  past  rehabilitation  efforts.  Accordingly,  descriptive 
rankings  of  actual   rehabilitation  success  at  these  mines  were  compared  with  the 
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rehabilitation-potential   rankings   of  the   response  units   in  which   these  mines   are 
located    (table   14) .      The  numerical   equivalents   of  the   descriptive  rankings   of  actual 
rehabilitation  success   on  these  mines  were  compared  with  the   rankings  of  rehabilitation- 
response  units.      Comparisons   reveal   that   the  rankings   of  potential-rehabilitation  ease 
on  the  rehabilitation-response  units   in  which  the  mines   are   located  are  probably  some- 
what  conservative.      They  indicate   a  rehabilitation-potential   ranking  slightly  lower 
than  the  ranking  of  actual   rehabilitation   success   achieved  on  these  mines.      Notwith- 
standing,   this   sample  of  19  mines    (some   of  which  have  been   subjected  to  rehabilitation 
efforts   for  only  a  short   time)    is   sufficiently  small   that   alteration  of  the  predicted 
rehabilitation-potential   rankings   to   conform  to  the   actual   rehabilitation  success 
rankings   is  not  yet  warranted.      Furthermore,  with   few  exceptions,   predictive   rankings 
are   close  enough   to  actual   rankings   that   they  can  be  used   conservatively  with   confidence. 

Table  14 .^'Comparison  of  rehabilitation  potential  rankings  from  actual  rehabilitation 
efforts  and  from  alassifiaation  of  rehabilitation-response  units 


Mining  company 

Rehabilita- 

Rehabi 

litation 

potentials 

Mine 

From 

actual 

:From  classifi- 

No. 

and  mine 

tion-response 
unit 

r€ 

'habilitation 

■  cation  rankings 

Descrij 

)tive 

;  Numerical;   Numerical 

COAL  OPERATIONS 

1 

Wyodak  Resources  Develop 
ment  Co.  (Wyodak] 

117-6-14 

Good 

+6 

+1 

2 

AMAX  Coal  Co. 

117-6-13 

Fairly  good 

+  3 

0 

(Belle  Ayr) 

4 

Pacific  Power  §  Light  Co 
(Glenrock) 

126-6-14 

Fairly 

good 

+3 

-1 

5 

Bighorn  Coal  Co. 
(Bighorn) 

25-6-15 

Good 

+6 

+5 

11 

Decker  Coal  Co. 
(Decker) 

117-6-15 

Fairly 

good 

+  3 

+2 

12 

Westmoreland  Coal  Co. 
(Sarpy  Creek) 

31-4-14 

Fairly 

poor 

-3 

-2 

13 

Peabody  Coal  Co. 
(Colstrip) 

31-12-16 

Fairly 

good 

+  3 

+2 

14 

Western  Energy  Co. 
(Colstrip) 

31-12-16 

Fairly 

good 

+  3 

+2 

15 

Knife  River  Coal  Co. 
CSavage) 

26-5-13 

Good 

+6 

+2 

20 

Baukal-Noonan  Co. 
(Center;) 

35-5-16 

Fairly 

good 

+  3 

+1 

21 

North  American  Coal  Co. 
(Zap) 

35-5-16 

Fairly 

good 

+  3 

+  1 

22 

Knife  River  Coal  Co. 
(Beulah) 

23-5-16 

Good 

+6 

+5 

23 

Consolidation  Coal  Co. 

35-5-16 

Fairly  good 

+  3 

+1 

(Stanton) 

24 

Baukal-Noonan  Co. 

19-9-15 

Very  good 

+  9 

+7 

(Noonan  Strip) 

25 

Consolidation  Coal  Co. 

19-9-16 

Very  good 

+9 

+8 

(Velva) 

26 

Knife  River  Coal  Co. 
(Gascoyne) 

25-5-15 

Good 

+6 

+5 

BENTONITE  OPERATIONS 

29 

International  Minerals 
§  Chemical  Co.  (Carter 

111-5-14 
) 

Fair 

0 

-1 

30 

American  Barroid  Co. 
(Carter) 

111-5-14 

Fair 

0 

-1 

31 

Federal  Minerals  Co. 
(Carter) 

111-5-14 

Fair 

0 

-1 
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CONSTRAINTS  AND  LIMITATIONS 
ON  REHABILITATION 


Relatively  little  experimentation  and  research  have  been  directed  to  the  problem 
of  rehabilitating  lands  being  mined  for  coal  in  the  Northern  Great  Plains.  I'/hereas  much 
is  known  about  revegetating  western  rangelands,  comparatively  little  is  known  about  re- 
habilitation of  mine  spoils.   Actual  rehabilitation  efforts  have  been  applied  on  rela- 
tively few  mine  sites.   Perhaps  the  most  important  single  point  emerging  from  this  study 
of  surface-rehabilitation  potentials  is  that  the  potential  for  rehabilitating  surface- 
mined  land  in  the  Northern  Great  Plains  is  extremely  site  specific.  The  general 
rehabilitation  potential  can  be  judged  on  the  basis  of  climatic,  soil,  and  vegetative 
site  components,  but  each  site  will  also  have  its  particular  microclimate  in  terms 
of  specific  physiographic,  biotic,  and  hydrologic  components.   These  components  in- 
fluence the  potential  for  rehabilitation  of  a  specific  site.   Finally,  what  is  done  and 
how  a  site  is  prepared  for  rehabilitation  also  influence  the  rehabilitation  potential. 
These  macrosite  and  microsite  components,  as  well  as  the  measures  employed  to  effect 
rehabilitation,  inherently  impose  constraints  and  limitations  on  the  rehabilitation  of 
some  sites.  A  brief  summary  of  constraints  on  and  limitations  to  successful  rehabilita- 
tion of  surface-mined  sites  in  the  Northern  Great  Plains  follows: 

1.  Maoroalimate . — Without  question,  local  climate  is  the  most  important  single 
parameter  in  assessing  potential-rehabilitation  success.   Furthermore,  the  most  important 
single  climatic  element  influencing  this  success  is  the  amount  and  distribution  of 
precipitation.   Assuming  that  approximately  10  inches  of  annual  precipitation  is  the 
minimum  amount  of  water  needed  to  sustain  revegetation,  most  surface-mined  sites  that 
receive  10  inches  or  less  annual  precipitation  cannot  be  mapped  accurately;  adequate 
precipitation  records  are  lacking  for  most  such  mining  sites,  and  the  nearest  weather 
station  may  be  many  miles  removed. 

Variation  of  the  annual  precipitation  about  the  mean  is  extremely  important  to 
revegetation  success.  Droughts  severe  enough  to  almost  wreck  the  range  livestock 
industry  in  the  Northern  Great  Plains  have  occurred  and,  no  doubt,  will  occur  again. 
Potentials  for  successful  rehabilitation  during  such  droughts  would  be  far  less  than 
those  during  years  of  average  or  above-average  precipitation.   Little  site-specific 
analytical  work  has  been  done  on  precipitation  variation  in  the  Northern  Great  Plains. 
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2.  MioToolimate. — Most  surface  mineable  lands  in  the  Northern  Great  Plains  are 
characterized  by  relatively  gentle  topography.   In  many  instances,  spoil  piles  left 
after  mining  constitute  rougher  topography  than  existed  before  mining.  The  configura- 
tions into  which  such  spoil  piles  are  shaped  by  heavy  grading  machinery  can  substantially 
influence  the  microclimate  of  each  surface-mined  site.  Steepness  of  slope,  roughness 

of  surface,  and  direction  of  aspect  in  respect  to  insolation  and  wind  can  all  be 
affected  by  the  land-reshaping  plans  and  measures  employed. 

3.  Availability  of  suitable  -plant  matevials. — The  author  of  this  report  assumes 
that  unless  some  other  rehabilitation  objective  is  defined,  the  primary  objective  of 
rehabilitation  on  surface-mined  lands  in  the  Northern  Great  Plains  is  to  establish 

a  protective  cover  of  durable  plants,  predominantly  native  species  adapted  to  and 
characteristic  of  these  areas  before  mining.   Accordingly,  tall-,  mid-,  and  short- 
grass  prairie  species,  some  shrubs,  and  a  few  trees  are  the  plants  chiefly  used  to 
rehabilitate  these  surface-mined  lands.   Surface  mineable  lands  in  the  North  Dakota 
portion  of  the  study  area  are  characterized  by  a  rich  mixture  of  tall-  and  mid-grass 
prairie  species,  the  seeds  of  which  usually  are  commercially  available  in  quantity.   The 
drier  portions  of  the  study  area,  which  are  in  northeastern  Wyoming  and  eastern  Montana, 
are  characterized  by  short-grass  prairie  species  that  sometimes  occur  with  dryland 
shrubs.   These  short  grasses  are  not  nearly  as  available  commercially  as  are  species  in 
moister  parts  of  the  study  area.   A  supply  of  seeds  from  these  dryland  species  must  be 
developed  if  they  are  to  be  available  in  sufficient  quantities  for  rehabilitation  of 
lands  to  be  surface  mined. 

4.  Site  and  seedbed  preparation .- -More   than  a  half  century  of  range  revegetation 
and  farming  experience  in  the  Northern  Great  Plains  has  resulted  in  development  of  site- 
and  seedbed-preparation  techniques  that  can  be  used  successfully  to  revegetate  disturbed 
landscapes.   Minimum  requirements  would  certainly  include  grading  of  spoils  to  short 
lengths  of  gentle-to-moderate  slopes  and  placement  of  the  highest  site-productive  over- 
burden strata  on  the  surface.   Equally  essential  is  the  tillage  accomplished  by  estab- 
lished agricultural  procedures  of  spoil  surface  materials  to  a  satisfactory  condition 
for  seeding  and  planting.   Failure  to  shape  and  till  the  land  satisfactorily  can  result 
in  greatly  reduced  rehabilitation  success  or  in  complete  failure. 

5.  Planting  procedures .--Suitable   planting  procedures  that  provide  for  seed 
coverage  by  surface  spoil  materials  at  the  proper  depths  is  essential  for  successful 
revegetation  of  surface-mined  land.   Seeds  cannot  simply  be  thrown  upon  bare  ground 
without  application  of  planting  technology.   Many  years  of  range  revegetation  and 
farming  experience  in  the  Northern  Great  Plains  have  identified  planting  procedures 
crucial  for  successful  reestablishment  of  vegetation.   Among  these  are  the  best  methods 
for  seeding  and  planting,  the  best  methods  and  depths  for  covering  different  kinds  of 
planted  seeds,  the  best  season  to  plant  in  each  geographical  locality,  and  the  best  kinds 
of  mulch  and  methods  of  application  to  increase  seed  germination  and  seedling  survival. 
Failure  to  apply  all  steps  of  the  best  planting  procedures  carefully  can  only  result  in 
reduced  revegetation  success. 

6.  Fertilizers  and  soil  amendments .--As   indicated  earlier,  the  soils  in  Wyoming 
and  Montana  that  characterize  the  western  portion  of  the  Northern  Great  Plains  coal 
province  are  deficient  in  phosphorus.   Similarly,  the  soils  that  characterize  the 
eastern  portion,  mostly  in  North  Dakota,  exhibit  nitrogen  deficiencies.  Despite  these 
generalities,  information  is  needed  about  the  fertility  regime  of  the  surface  several 
feet  of  mine  spoils  destined  for  revegetation.   Fertilizers  that  supply  nutrient  defi- 
ciencies in  these  spoils  must  be  applied  for  best  revegetation  success. 

Spoil  bank  materials  in  the  Northern  Great  Plains  are  nearly  always  alkaline.  Most 
have  a  high  saturation-percentage  value,  which  stems  from  high  clay  content  and  cation 
composition.   A  high  saturation-percentage  value  explains  why  many  subsoils  exposed  by 
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strip  mining  are  relatively  high  in  salinity.   This  situation  can  often  be  corrected 
(e.g.,  by  adding  gypsum)  provided  sufficient  planning  and  effort  have  identified  saline 
surface  spoils  and  the  magnitude  of  salinity  involved.   Every  effort  should  be  made  to 
bury  spoils  that  have  toxic  saline  levels. 

7.  Irrigation. --Erratic   climatic  conditions,  especially  in  the  amounts  and  dis- 
tribution of  precipitation,  remain  the  dominant  factor  in  success  or  failure  of  reveg- 
etation  efforts  on  surface-mined  sites  carved  from  semiarid  rangeland  ecosystems. 
Accordingly,  addition  of  irrigation  water  is  sometimes  desirable  and  even  necessary  to 
the  establishment  and  survival  of  seedlings.  Many  subsurface  and  some  surface  water 
supplies  have  high  sodium  contents.   Accordingly,  newly  planted  mine  spoils  must  be 
carefully  and  frequently  irrigated,  in  association  with  the  use  of  soil  amendments,  to 
avoid  the  development  of  unfavorable  saline  conditions. 

8.  Spoil  surface  stabilization. --ks   indicated,  some  spoil  materials  in  the  North- 
em  Great  Plains  are  fairly  resistant  to  erosion  by  water  and  wind,  whereas  others  are 
not.   In  general,  the  most  highly  erodible  spoils,  which  usually  contain  more  sodium 

on  clays,  occur  in  the  North  Dakota  portion  of  the  Northern  Great  Plains.  This  area 
also  receives  the  most  rainfall.   Generally  speaking,  these  two  conditions  combine  to 
produce  the  heaviest  overland  flow  and  surface  soil  erosion  on  mine  spoils.   Under  such 
conditions,  it  is  desirable,  probably  necessary,  to  prevent  or  control  surface  instabil- 
ity if  vegetation  is  to  be  established.   Prevention  or  reduction  of  surface  runoff  and 
soil  erosion  from  mine  spoils  can  be  achieved  by  a  combination  of  measures,  including 
grading  to  gentle  slopes,  terracing,  pitting,  and  mulching.   Failure  to  stabilize  spoil 
surfaces  against  raindrop  and  runoff  impacts  prior  to  establishment  of  vegetation 
usually  results  in  a  high  degree  of  rehabilitation  failure. 

9.  Post-rehabilitation   care. --Rehabilitation  of  such  drastically  disturbed  sites 
as  surface  mine  spoils  is  somewhat  similar  to  planting  and  landscaping  the  yard  of  one's 
newly  built  home.   It  would  be  unthinkable  to  carefully  plant  a  lawn,  shrubs,  trees, 
and  flowerbeds  and  then  to  leave  the  plantings  without  further  attention.   It  should  be 
equally  unthinkable  to  do  everything  necessary  to  insure  successful  rehabilitation  of 
mine  spoils,  and  then  to  forfeit  the  entire  effort  for  lack  of  necessary  subsequent 
care.   In  other  words,  the  land  must  be  managed  during  and  after  rehabilitation.   iNfhen 
necessary,  management  involves  measures  to  control  destruction  of  new  vegetation  by 
insects,  rodents,  livestock,  and  big  game.   Measures  may  include  fencing  or  the  use  of 
repellents  to  prevent  or  discourage  damage  from  such  sources. 

10.  Rehabilitation  time  frames .--The   length  of  time  required  to  successfully  re- 
habilitate surface-mined  sites  depends  upon  essentially  the  same  environmental  factors 
that  determine  rehabilitation  potentials.   In  other  words,  each  kind  of  response  unit 
probably  has  its  own  characteristic  period  required  for  successful  rehabilitation  under 
specified  treatment.   By  assuming  that  response  units  of  high  potential  rankings  can 

be  rehabilitated  faster  than  those  with  low  rankings  and  by  considering  the  nature  of 
revegetated  plant  cover  on  surface  mines  of  relatively  recent  vintage,  it  is  possible 
to  speculate  with  some  degree  of  reason  about  rehabilitation  time  frames.  The  author 
believes  that  the  higher  rated  response  units,  which  occur  predominantly  in  North 
Dakota,  can  be  rehabilitated  successfully  in  from  1  to  5  years,  depending  upon  whether 
the  rehabilitation  objective  is  agricultural  cropland  or  mixed-grass  range.  On  the 
medium-rated  response  units  that  dominate  the  moister  areas  of  southeastern  Montana  and 
northeastern  Wyoming,  successful  rehabilitation  should  be  achieved  in  from  5  to  10 
years,  depending  upon  whether  the  rehabilitation  objective  is  to  return  the  land  to 
short-grass  prairie,  a  grass-shrub  steppe,  or  a  mixture  of  these  types  and  ponderosa 
pine.  On  the  lower-rated  response  units  in  the  drier  portions  of  northeastern  Wyoming 
and  northeastern  Montana,  from  5  to  15  years  may  be  required  to  successfully  return  the 
land  to  the  short-grass  and/or  shrub-steppe  range  that  characterized  it  prior  to  mining. 
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During  several  consecutive  years  of  above-normal  precipitation,  these  time  frames,  par- 
ticularly the  longer  ones,  might  be  shortened  substantially.  On  the  other  hand,  during 
several  consecutive  years  of  drought,  these  time  frames,  especially  the  short  ones, 
might  be  lengthened.   No  doubt,  careful  irrigation  and  fertilizing  for  the  first  sev- 
eral growing  seasons  would  effectively  shorten  the  time  required  to  achieve  successful 
rehabilitation. 

11.  Rehabilitation  objeotives. --In   the  Northern  Great  Plains,  relatively  few 
alternative  rehabilitation  objectives  are  feasible.   Gentle  topography,  paucity  of 
water,  and  lack  of  broad-scale  variability  in  vegetation  growth  forms  combine  to  limit 
feasible  alternatives  for  rehabilitation  objectives.  The  following  objectives  are  not 
all  inclusive,  but  they  probably  come  close  to  delineating  the  feasible  rehabilitation 
alternatives  available  in  the  Northern  Great  Plains: 

a. --Return  as  nearly  as  possible  to  original  range/forest  condition; 

b. --Return  to  previous  agricultural  cropland  condition; 

c. --Convert  from  previous  range/forest  condition  to  agricultural  cropland; 

d. --Convert  from  previous  agricultural  cropland  to  range/forest  condition; 

e.--Take  advantage  of  such  specialized  features  as  water  for  ponds  or  lakes 
to  develop  unique  recreation  and/or  wildlife  habitat  areas;  and 

f. --Develop  such  intensified  land  uses  as  aimorts,  industrial  or  residential 
areas,  solar  energy  sites,  etc. 
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COSTS  OF  REHABILITATION 
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Revegetation  costs  include  those  of  shaping  spoils,  use  of  topsoil  or  other  suit- 
able strata,  seedbed  preparation,  seeding,  fertilizing,  soil  amendments,  mulching  and, 
sometimes,  irrigation.   Largest  expenses  are  usually  those  of  shaping  the  land  and 
surfacing  with  suitable  material.   Most  estimates  of  rehabilitation  costs  emphasize 
either  per-acre  or  per-ton  costs.   A  more  realistic  alternative  is  to  base  costs 
on  the  stripping  ratio  (the  cost  as  a  function  of  area  disturbed  relative  to  the 
coal  produced).  Thus,  economic  considerations  favor  surface  mining  where  coal  seams 
are  thick  and  overburden  is  thin.   In  the  Northern  Great  Plains  coal  province,  the 
lowest  operating  costs  and  the  least  area  of  disturbance  per  million  tons  of  coal  pro- 
duced occur  in  I'.'yoming  and  Montana  where  thick  coal  seams  are  covered  by  relatively 
thin  overburden.   In  contrast,  the  highest  operating  costs  and  the  greatest  unit 
disturbance  per  million  tons  of  coal  mined  are  found  in  North  Dakota  where  coal  seams 
are  thinner  and  are  more  deeply  buried.  The  thickest  coal  seams,  the  thinnest  over- 
burden, and  the  smallest  acreage  mined  per  million  tons  of  coal  production  occur  in 
those  parts  of  the  Northern  Great  Plains  that  have  the  lowest  rehabilitation  potentials. 

Conversely,  the  greatest  acreages  of  mine  disturbance  per  million  tons  of  coal 
occur  in  those  parts  of  the  Northern  Great  Plains  that  have  the  highest  rehabilitation 
potentials.  At  the  time  of  this  writing  (1974),  estimates  of  direct  on-site  rehabilita- 
tion costs  in  these  coalfields  range  from  approximately  $700  to  $1,800  per  acre,  depending 
upon  the  location  and  the  problems  encountered.   Rehabilitation  costs  include  those  of 
land  shaping,  seedbed  preparation,  seeding,  fertilizing,  soil  amendments,  water  control 
on  slopes,  mulching,  sediment  control  in  detention  basins,  shrub  or  tree  planting,  and 
soil  surfacing.   Considering  the  tonnages  of  coal  that  will  be  mined  per  acre  in  the 
Northern  Great  Plains,  mining  operations  apparently  can  bear  the  full  expense  of 
rehabilitation  without  adding  more  than  a  few  cents  per  ton  to  the  price  of  coal. 
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LEGAL  BASIS  FOR  ENFORCEMENT 
OF  SURFACE-MINE  REHABILITATION 


On  the  basis  of  information  contained  in  this  report,  the  author  concludes  that 
virtually  all  surface-mined  lands  in  the  Northern  Great  Plains  can  be  successfully 
rehabilitated,  albeit  some  more  easily  than  others.  However,  this  conclusion  requires 
some  qualification.   Even  on  those  rehabilitation-response  units  that  have  the  highest 
rehabilitation  potentials,  rehabilitation  will  be  successful  only  when  (1)  planning 
both  in  mining  and  rehabilitation  is  adequate  and  (2)  monitoring  and  enforcement  of 
rehabilitation  is  diligent  over  a  meaningful  period.   Fulfillment  of  these  qualifica- 
tions depends  upon  effectual  laws  and  administration,  which,  in  turn,  implies  coordi- 
nated efforts  by  local.  State,  and  Federal  Government  agencies.  The  Congress  of  the 
United  States  is  actively  considering  legislation  to  regulate  surface  mining;  however, 
to  date,  no  Federal  law  has  been  adopted  for  the  specific  purpose  of  rehabilitating 
lands  disturbed  by  mining.   For  the  most  part,  neither  Federal  nor  local  regulations 
are  explicit  as  to  surface  mining  and  rehabilitation.   On  the  other  hand,  all  States 
represented  within  the  Northern  Great  Plains  coal  province  have  explicit  laws  in 
this  regard.   A  summary  was  made  of  State  legal  requirements  regarding  the  rehabili- 
tation of  surface-mined  lands  in  the  Northern  Great  Plains  coal  province.  The 
information  reveals  that  none  of  the  States  have  complete  legal  authority  covering  all 
major  rehabilitation  requirements.  Wyoming  and  Montana  laws  appear  to  be  the  most 
encompassing  in  this  respect.  North  Dakota's  law  is  somewhat  less  strict  and  South 
Dakota's  law  appears  to  be  least  stringent.   In  only  4  of  18  rehabilitation  activities 
do  all   States  have  specifications.  These  specifications  pertain  to  grading  and  shaping 
spoils,  providing  surface  drainage,  surfacing  of  spoils  with  topsoil,  and  revegetation. 
Differences  in  legal  requirements  for  rehabilitation  among  just  the  four  States  in- 
volved here  illustrate  the  need  for  improved  coordination  of  the  legal  aspects  of 
surface-mine  rehabilitation. 
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INFORMATION  AND 
RESEARCH  NEEDS 


Throughout  this  report,  the  need  for  more  research  and  better  information  has 
been  implied,  evident,  or  stated.   The  most  important  of  these  informational  and 
research  needs  are  listed  below: 

1. --Analyze  and  evaluate  chemical  and  physical  characteristics  of  surface-mine 
overburden  materials  before  mining  in  relation  to  their  suitability  for  revegetation 
purposes ; 

2. --Test  and  evaluate  various  spoil  segregations  and  configurations  for  enhance- 
ment of  rehabilitation  success; 

3. --Develop  methods  and  techniques  for  creating  favorable  microbiological  activity 
in  previously  sterile  surface-mine  spoils; 

4. --Test  and  evaluate  the  comparative  effects  of  different  organic  soil  amendments 
in  the  revegetation  of  surface-mine  spoils; 

5. --Test  and  evaluate  comparative  effects  of  selected  inorganic  fertilizers  in  the 
revegetation  of  surface-mine  spoils; 

6. --Evaluate  the  physical  and  chemical  quality  of  surface  and  subsurface  runoff 
water  from  mine  spoils  under  different  rehabilitation  treatments; 

7. --Develop  mechanical-chemical-vegetative  techniques  for  rehabilitating  steep, 
abandoned  surface-mine  spoils; 

8. --Evaluate  the  effectiveness  of  semiarid  farming  techniques  known  to  be  effective 
on  various  kinds  of  mine  spoils; 

9. --Determine  limits  of  establishment  techniques  identified  in  8  (above); 

10. --Develop  mechanical  criteria  for  construction  of  mine  dumps  or  massive  spoils 
to  prevent  mass  slumping  and  to  reduce  surface  erosion; 

11 . --Determine  the  physiological  tolerances  of  selected  plant  ecotypes  to  various 
soil-water  potential  stresses  and  atmospheric  evaporative-demand  stresses  on  surface- 
mine  spoil  sites; 

12. --Determine  physiological  tolerances  of  selected  plant  ecotypes  to  saline- 
alkaline  stresses  on  various  kinds  of  surface-mine  spoils; 

13. --Test  and  evaluate  hormone-stimulated  rooting  characteristics  of  native  shrubs 
on  abandoned,  overs teep  mine  spoils; 

14. --Apply  tissue-culturing  techniques  to  develop  increased  tolerances  of  selected 
plant  ecotypes  to  saline-alkaline  stresses  on  surface-mine  spoils; 

15. --Determine  posttreatment  management  practices  requisite  to  successful  permanent 
revegetation. 
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ORGANIZATIONS  PROMINENTLY  ACTIVE 

IN  NORTHERN  GREAT  PLAINS 

REHABILITATION  WORK 


The  railroad  companies  strip-mined  coal  and  rehabilitated  some  areas  in  North  Dakota 
and  Montana  nearly  a  half  century  ago.   However,  most  surface  mining  activity  in  the 
Northern  Great  Plains  coal  province  has  developed  within  the  past  7  or  8  years,  and 
nearly  all  rehabilitation  efforts  within  the  last  5  years.  The  most  prominently  active 
organizations  involved  in  surface-mine  rehabilitation  work  in  the  Northern  Great  Plains 
are  industry.  Federal  agencies,  and  State  institutions.  The  mining  industry  has 
provided  most  of  the  efforts  so  far.   These  efforts,  however,  have  not  always  been  suc- 
cessful, partially  because  of  a  lack  of  adequate  technical  direction.  The  Federal 
agencies  most  active  in  this  regard  have  been  the  Agricultural  Research  Service,  espe- 
cially its  laboratory  at  Mandan,  North  Dakota;  the  Forest  Service's  Intermountain  and 
Rocky  Mountain  Forest  and  Range  Experiment  Stations;  the  Soil  Conservation  Service;  and 
the  Bureau  of  Land  Management.   Probably  the  most  active  State  institutions  have  been 
the  Agricultural  Experiment  Station  at  Montana  State  University  and  the  University  of 
Wyoming.  Although  the  Montana  Highway  Department  has  not  been  working  directly  on  re- 
habilitation of  surface-mined  lands,  it  has  been  active  in  rehabilitation  work  on  highway 
cuts  and  fills.   In  some  instances,  this  work  has  direct  application  to  surface-mine 
rehabilitation  problems. 
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CONCLUSIONS 


This  survey  and  analysis  of  rehabilitation  experience  and  potentials  of  the  major 
coal  and  bentonite  surface  mines  in  the  Northern  Great  Plains  indicate  several  rather 
common  problems.   Perhaps  the  most  common  is  leaving  steep  spoil  slopes  on  unstable 
soil  associations.   Rilling  and  gullying  start  quickly,  particularly  where  spoils 
have  high  sodium  contents.   Such  erosion  washes  seed  and  fertilizer  from  areas  that 
need  revegetation.   It  also  deprives  soil  of  moisture  needed  if  plant  cover  is  to 
become  established  and  persist.   Preferably,  grading  slopes  to  permit  rehabilitation 
work  should  be  done  cross  slope  where  possible.   Overburden  conditions  that  are  adverse 
to  plant  growth  are  often  overlooked,  although  they  are  probably  recognized  in  many 
cases.  The  existence  of  spoils  that  support  no  vegetative  cover  after  years  of 
exposure  bears  out  this  contention.   Such  materials  should  be  recognized  and  buried. 

Solutions  to  many  conditions  that  have  been  called  problems  can  be  achieved  by 
common  sense,  together  with  interest  in  and  knowledge  about  determinants  of  plant 
growth.  Nevertheless,  variability  occurs  in  sites,  even  within  a  single 
rehabilitation-response  unit,  despite  gross  overall  similarities  that  may  exist 
in  climate,  soil,  and  vegetation.  This  variability  in  site  micro environment  contains 
some  of  the  constraints  that  negate  hard  and  fast  rules  about  rehabilitation  poten- 
tials.  Good  rehabilitation  will  continue  to  require  spot-by-spot  application  of 
sound  principles  of  plant-soil-water  relations. 

The  author  believes  that  almost  all  surface-mined  sites  in  the  Northern  Great 
Plains  can  be  successfully  rehabilitated.   Sites  having  the  highest  rehabilitation 
potentials  occur  in  response  units  characterized  by  productive  and  stable  soils, 
suitable  and  available  plant  species,  and  adequate  amounts  of  precipitation.   In 
general,  these  high-potential  sites  are  in  west-central  North  Dakota.   Surface 
mineable  sites  that  have  intermediate  rehabilitation  potentials  are  predominant  in 
southeastern  Montana  and  extreme  western  North  Dakota.   Sites  having  the  poorest 
potentials  for  rehabilitation  occur  in  northeastern  Wyoming  and  northeastern  Montana, 
where  rehabilitation-response  units  are  characterized  by  poorly  productive  soils, 
native  species  that  grow  slowly  and  are  difficult  to  obtain  for  rehabilitation  purposes, 
and  low  amounts  of  precipitation. 
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Fortunately,  those  portions  of  the  Northern  Great  Plains  that  present  the  most 
difficult  rehabilitation  problems  are  also  the  smallest  areas  that  will  be  disturbed 
for  a  given  amount  of  extracted  coal.  Conversely,  the  easiest  rehabilitation  problems 
exist  in  those  portions  of  the  Northern  Great  Plains  where  the  largest  areas  will  be 
disturbed  per  unit  of  extracted  coal. 

Comparisons  of  the  rehabilitation-potential  rankings  indicate  lack  of  uniformity 
in  the  relative  ease  of  the  rehabilitation  job  along  with  a  shift  from  one  coal- 
development  forecast  to  another  and  from  one  time  frame  to  another.   Even  with  differ- 
ences in  areas  to  be  mined  in  each  forecast  and  time  frame  accounted  for,  substantial 
increases  and  decreases  in  the  average  rehabilitation-potential  rankings  (table  13) 
exist;  the  difficulty  of  the  rehabilitation  job  will  vary  substantially  between 
development  forecasts  and  time  frames.  The  author  concludes  that  restructuring  of 
mining  developments  between  time  frames  within  each  development  forecast  could  be 
accomplished  by  reselecting  for  mining  the  combination  of  rehabilitation-response 
units  that  collectively  are  of  almost  the  same  rehabilitation-potential  ratings  from 
time  frame  to  time  frame.   Uniformity  of  and,  hence,  standardization  of  rehabilitation 
activities  and  programs  in  the  Northern  Great  Plains  coalfields  would  be  greatly 
improved. 

Neither  the  Federal  Government  nor  the  States  have  totally  adequate  laws  governing 
surface-mine  rehabilitation  in  the  Northern  Great  Plains.  There  is  no  Federal  law,  and 
State  laws  do  not  have  uniformly  adequate  provisions  to  assure  application  of  known  tech- 
nology for  rehabilitation  of  surface-mined  lands.   Better  laws  and  effective  enforcement 
will  be  required  before  even  the  best  rehabilitation  technology  can  be  applied  effec- 
tively to  the  land. 

The  author  believes  that  almost  all  the  surface-mined  lands  of  the  Northern 
Great  Plains  can  be  rehabilitated  successfully.   However,  a  large  amount  of  basic 
information  needs  to  be  collected,  and  numerous  research  problems  require  solutions 
before  such  rehabilitation  can  proceed  expeditiously,  effectively,  and  economically. 
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ABSTRACT 

Effectiveness  of  a  helicopter  logging  system,  as  measured  by  pounds 
of  logs  yarded  or  profit  per  day,  is  influenced  by  the  amount  of  fuel  car- 
ried by  the  aircraft.  A  cost  model  and  computer  program  (FORTRAN  IV) 
are  presented  that  determine  the  optimum  amount  of  fuel  to  carry  for 
parameters  of  the  operating  system.  The  model  can  also  be  employed  to 
assess  effects  of  changes  in  parameters  on  the  productivity  of  the  system. 
The  model  can  be  used  to  establish  a  benchmark  by  which  actual  produc- 
tion can  be  predicted  and  monitored. 

KEYWORDS:  helicopter  logging,   optimization,   refueling. 


INTRODUCTION 


Increased  awareness  of  the  environmental  impact  of  logging  has  stimulated  interest 
in  yarding  by  means  of  helicopters.   In  addition,  the  great  demand  for  wood  products  has 
made  helicopter  logging  an  attractive  technique  for  harvesting  timber  heretofore  in- 
accessible . 

In  recent  years,  the  number  of  timber  sales  devoted  exclusively  to  helicopter 
yarding  has  increased  so  dramatically  that  helicopter  yarding  is  no  longer  in  the  ex- 
perimental stages--its  practicality  has  been  established.   Although  approximately  20 
helicopters  are  in  use  in  logging  operations  today,  helicopter  yarding  remains  an 
expensive  proposition.   Stevens  (1972,  1973)  and  Binkley  (1972)  have  reported  on 
various  cost,  production,  and  equipment  capability  aspects  of  helicopter  logging. 

The  Intermountain  Forest  and  Range  Experiment  Station  at  Bozeman,  Montana,  has 
been  engaged  in  such  an  effort  to  improve  the  cost  effectiveness  of  helicopter  logging 
as  part  of  a  comprehensive  study  of  advanced  logging  systems.   This  paper  presents  an 
optimum  refueling  model  for  helicopter  logging.   Given  parameters  within  which  the 
helicopter  will  operate,  the  model  determines  the  optimum  amount  of  fuel  that  the 
aircraft  should  carry  and  the  resulting  operating  characteristics  of  the  system. 
Potential  improvements  in  production  depend  upon  parameters  of  the  system,  but  may 
generally  be  expected  to  vary  about  10  percent  within  current  operating  ranges. 


PROBLEM  DEFINITION 


The  rationale  behind  the  model  is  that  every  pound  of  fuel  carried  displaces  a 
pound  of  payload.   The  more  fuel  the  aircraft  carries  the  longer  it  can  operate  before 
refueling,  but  also  the  smaller  the  average  payload  per  turn.   Thus  a  cost  model  that 
maximizes  profit  (or  equivalently  pounds  yarded)  over  a  given  period  of  time  is  defined. 
The  amount  of  fuel  carried  by  the  ship  is  treated  as  a  variable.   This  is  expressed  as: 

Z  =  value  of  timber  yarded  -  costs  incurred 

=  value  of  timber  yarded  -  (total  average  cycle  cost  +  cost  to  refuel  + 
cost  to  travel  to  and  from  refueling  +  cost  while  system  down) . 


MODEL  CONSTRUCTION 


Definitions  of  Terms 


Terms  used  in  the  model  are: 


A  =  average  fuel  consumption  rate  (gal/min) 
ADLR  =  average  distance  from  landing  to  refueling  point  (ft) 
ADLW  =  average  distance  from  landing  to  woods  (ft) 
ADRW  =  average  distance  from  refueling  point  to  woods  (ft) 
AHT  =  average  hooking  time  (min) 
AVP  =  average  payload  per  turn  (lb) 

C  =  amount  of  fuel  carried  (gal) 
DTC  =  downtime  cost  ($/min) 

F  =  fuel  capacity  of  helicopter  (gal) 
FLF  =  flight  load  factor  (average  fraction  of  maximum  load  carried) 
FDT  =  fraction  of  workday  system  down 
OC  =  system  operating  cost  while  yarding  ($/min) 
P  =  payload  of  helicopter  at  full  fuel  (lb) 
PUHT  =  average  positioning  and  unhooking  time  (min) 

RFC  =  refueling  cost  ($/min) 
RFLT  =  reserve  flight  time  (min) 
SI  =  speed  toward  landing  (ft/min) 
SO  =  speed  out  to  woods  (ft/min) 
TRF  =  time  to  refuel  (min) 

V  =  value  of  timber  yarded  ($/lb) 
W  =  weight  of  fuel  (lb/gal) 
XL  =  length  of  workday  (min) 


Development  of  Equation 

Each  component  of  the  cost  equation  is  now  defined  using  the  terms  given  above. 

A.   Value  of  timber  yarded 

value  of  timber  yarded  per  workday  =  (number  of  loads  yarded  per  workday)  x 
(average  payload  per  turn)  x  (value  of  timber  yarded) . 

(1)  number  of  loads  yarded  per  workday  =  Nl  +  NRF 

The  first  term  (Ml)  accounts  for  round  trips  from  the  woods  to  the  land- 
ing and  back;  the  second  term  (NRF)  allows  for  the  last  trip  from  the  woods  to  the 
landing  before  returning  to  refuel. 

(XL  -  XL  •  FDT)  -  NRF  [TRF  +  (-ADLR-f  ADRW^  ^  ^ADLW  ^  ^^^  ^  p^^^^  ^ 

Ml   =  . ■^ ±t 

[(|j-^-~)    ADLW   +   AHT   +    PUHT] 

NRF   -    (XL   -    XL    •    FDT)    -    A 
C   +  TRF    •    A 

(2)  average  payload  per  turn 

The  model  is  constructed  to  consider  two  alternative  evaluations  relative 
to  payload: 

(a)   Theoretical  average  payload  (AVP^) 

Conceptually,  on  each  successive  turn,  the  helicopter  will  be  able 
to  yard  a  greater  payload  since  it  is  carrying  less  fuel.   If  loads  were  constructed 
to  take  advantage  of  this  situation  (it  is  approached  when  yarding  material  such  as 
cement  on  construction  projects),  the  average  payload  yarded  would  be: 

AVP^  =  FLF  •  {[P  +  (F  -  C)  W  -  (~^)    W] 

+  [A  •  W  (ADRW  •  SO"^   +  AHT) 

+  .5(N-1)  •  A  •  W  (ADLW  (^    ^  ^°) 

+  AHT  +  PUHT)]} 
where  N  is  the  number  of  loads  yarded  between  refuelings. 
[C  -  (-ADLR+ADRW^^  _  ^ADLW  ^  aHT  +  PUHT)A]  +  [ADLW  (|yt|§)  +  AHT  +  PUHT]A 
[ADLW  (|y^)  +  AHT  +  PUHT] A 

The  second  term  in  [  ]  in  the  expression  for  AVP^  relates  to  conceptually 
being  able  to  add  a  pound  of  timber  for  each  pound  of  fuel  consumed.   It  should  be 
noted  AVPt  is  maximized  when  the  flight  load  factor,  FLF,  is  1  and  the  reserve  flight 
time,  RFLT,  is  0. 


(b)   actual  average  payload  (AVP^) 

The  expression  for  the  actual  average  payload  can  be  obtained  by 
omitting  the  second  term  in  [  ]  in  the  expression  for  AVP^. 

AVP^  =  FLF  [P  +  (F  -  C)  W  -  C^^)  W] 
a  A 


B.  Total  average  cycle  cost  per  workday  (TACC) 
TACC  =  Nl  [(g|  ^  gg)  ADLW  +  AHT  +  PUHT]  OC 

ADI  W 
+  NRF  (^^|p-  +  AHT  +  PUHT)  OC 

C.  Cost  to  refuel  per  workday  (CRF) 
CRF  =  TRF  •  RFC  •  NRF 

D.  Cost  to  travel  to  and  from  refueling  per  workday  (CTTR) 

rTTD    Mon  .ADLR+ADRW.  ^_ 
CTTR  =  NRF  ( gj^ )  OC 

E.  Cost  while  system  down  per  workday  (CSD) 
CSD  =  FDT  •  XL  •  DTC 


OPTIMIZATION 


To  find  that  value  of  C  (the  amount  of  fuel  carried)  that  maximizes 

Z  =  (Nl  +  NRF)  AVP  •  V  -  [TACC  +  CRF  +  CTTR  +  CSD] , 

we  must  differentiate  with  respect  to  C,  set  it  equal  to  0,  and  then  solve  for  C. 
Differentiating  the  equation  with  respect  to  C  and  setting  it  equal  to  0  results  in  an 
expression  of  the  form 

aC^  +  ec  +  Y  =  0 

which  is  recognized  as  a  quadratic  equation  with  the  solution 

c  .  -e  ±   (e^   -  4  ♦  g  •  yf^ 

2    '    a 

a,    6,  and  y  ai'e  constants  involving  the  parameters  of  the  system  and  are  given  below. 

_     W  (.5A  -  1)  (XL  -  XL  ♦  FDT)  SI  •  SO  ♦  V 
"  ~  (SI  +  SO)  ADLW  +  AHT  •  SI  •  SO  +  PUHT  •  SI  •  SO 

=  2W  (-SA  -  1)  (XL  -  XL  •  FDT)  SI  •  SO  •  V  ♦  A  ♦  TRF 
^     (SI  +  SO)  ADLW  +  AHT  •  SI  •  SO  +  PUHT  •  SI  •  SO 

Y  =  (A  •  TRF)  [XK5  •  XK3  •  V  -  XK7  •  XK4  •  V 
+  (XL  -  XL  •  FDT)  A  •  XK4  •  V  -  XK5  •  XK9] 

-  [XK7  •  XK9  +  (XL  -  XL  •  FDT)  A  •  XK3  •  V 

-  XK7  •  XK3  •  V  -  XKIO] 

Computational  variables  used  to  express  y  above  are  defined  in  table  1. 


Table   1 .--Definitions  of  oomputational  variables. 


(XL  -  XL  •  FDT)  SI  •  SO 
XKb  — 


[(SI  +  SO)  ADLW  +  AHT  •  SI  •  SO  +  PUHT  •  SI  •  SO] 

=  [(XL-XL-FDT)A]  SI  (ADLR+ADRW)  +  [  (XL-XL- FDT)  A]  [ADLW-SO+AHT°SI  •  SO+PIJHT-SI -SO] 
[(SI  +  SO)  ADLW  +  AHT  •  SI  •  SO  +  PUHT  •  SI  •  SO] 

XK9  =  [(^T  ^  I?,)    ADLW  +  AHT  +  PUHT]  OC 

XKIO  =  (XL  -  XL  •  FDT)  A[(^^  +  AHT  +  PUHT)  OC  +  TRF  •  RFC  +  (M^|j^^2M)  oC] 

XK3  and  XK4  are  defined  below  in  two  cases,  XK3  ,  XK4  and  XK3^ ,  XK4^  , 

'    a'    a        t '    t  ^ 

depending  upon  whether  AVP  or  AVP  is  being  considered,  respectively. 
XK3   =  FLF  [P  +  (F  -  ^^)  W] 

3.  A 


XK4   =  -  FLF  •  W 
a 


xk: 


RFLT,  ,.,,    r-XKl-XK2 


3^  =  FLF  {[P  +  (F  -  — i-)  W]  +  [   xKip   -  XK2  +  A  •  W  (ADRW  •  SO'^  +  AHT)]} 

XK4   =  ^^ W 

t   XKIP 

where 

XKl  =  A  ((^DL^gl-^DRW^  ,  (ADLW   ^  ^^  ^  ^^^^^  _  ^^^^^^^    (§-^|g)  .  AHT  .  PUHT]} 

XK2  =  .5A  •  W  [ADLW  (^j  "|^  g^)  +  AHT  +  PUHT] 
XKIP  =  A  [ADLW  (gj  ^  gg)  +  AHT  +  PUHT] 


COMPUTER  PROGRAM 


The  computer  program  that  calculates  the  optimum  refueling  amount  together  with 
the  resulting  system  operating  characteristics  is  available  on  request  as  a  listing 
from  the  Forestry  Sciences  Laboratory,  Bozeman,  Montana  59715  (Attn:  David  F.  Gibson). 
The  program  is  written  in  FORTRAN  IV.   Input  and  output  are  designed  for  use  of  either 
a  teletype  terminal  or  a  line  printer.   Examples  illustrating  alternative  evaluations 
and  use  of  the  program  are  given  in  the  next  section. 

Input  to  the  program  is  as  follows.   On  the  first  data  card,  or  line  on  a  termi- 
nal, eight  variables  are  read  with  a  format  of  F10.4  each.   These  variables  are,  in 
order,  as  follows. 

SI  -  Helicopter  speed  toward  the  landing  expressed  in  feet  per  minute.  This 

represents  the  average  speed  of  the  aircraft  when  yarding. 
SO  -  Helicopter  speed  out  from  landing  expressed  in  feet  per  minute.   This 
represents  the  average  speed  of  the  helicopter  when  it  is  not  yarding, 
such  as  when  returning  to  the  woods  and  traveling  to  the  refueling  point. 
ADLR  -  Average  distance  from  the  landing  to  the  refueling  point  expressed  in 

feet. 
ADRW  -  Average  distance  from  the  refueling  point  to  the  woods  expressed  in  feet. 
ADLW  -  Average  distance  from  the  landing  to  the  woods  expressed  in  feet.   This 
represents  the  average  yarding  distance. 
A  -  Average  fuel  consumption  rate  of  the  aircraft  expressed  in  gallons  per 

minute. 
W  -  Weight  of  fuel  used  by  the  aircraft  expressed  in  pounds  per  gallon. 
XL  -  Length  of  workday  expressed  in  minutes. 


The  second  data  card  of  input,    or   line  on  a  terminal,    contains   seven   fields, 
the   first   six  of  which  have   a  format   of  F10.4   and  the   last   one  having  a  format   of  II. 


RFC 


F 

V 

AHT 

FDT 


Refueling  cost  expressed  in  dollars  per  minute.   This  is  the  cost  of 

operating  the  entire  helicopter  logging  system  when  the  aircraft  is  being 

refueled. 

Payload  of  the  helicopter  expressed  in   pounds  when   it   is   carrying  a  full 

load  of  fuel. 

Fuel  capacity  of  the  helicopter  expressed  in  gallons. 

Value  of  the  timber  yarded  expressed  in  dollars  per  pound. 

Average  hooking  time  expressed  in  minutes.  This  time  also  includes  the 

time  required  to  position  the  helicopter  over  the  load  prior  to  hooking. 

Fraction  of  downtime  expressed  as  a  decimal.   It  represents  the  portion 

of  the  workday  that  the  helicopter  will  be  down  for  reasons  other  than 

refueling. 


IGR  -  A  control  variable  for  the  program.   Enter  a  0  if  no  graphical  output  is 

desired.   Enter  a  1  if  a  graph  of  weight  yarded  per  workday  versus  refuel- 
ing amount  is  desired.   Enter  a  2  if  a  graph  of  profit  per  workday  versus 
refueling  amount  is  desired.   Enter  a  3  if  graphs  of  both  weight  and 
profit  per  workday  versus  refueling  amount  are  desired.   Flight  time 
between  refuelings  is  also  given  on  the  graphs. 

Information  entered  on  the  third  data  card  also  contains  seven  fields,  the  first 
six  of  which  have  a  format  of  F10,4  and  the  last  has  a  format  of  II. 

OC  -  Operating  cost  of  the  system  expressed  in  dollars  per  minute.  This  is 
the  cost  of  the  entire  helicopter  logging  system  while  timber  is  being 
yarded  by  the  aircraft. 

TRF  -  Average  time  to  refuel  the  aircraft  expressed  in  minutes.  This  does  not 
include  the  time  required  to  travel  to  the  refueling  point  or  the  time 
required  to  return  to  the  woods. 

PUHT  -  Average  positioning  and  unhooking  time  expressed  in  minutes.  This 

includes  the  time  required  to  lift  the  hooked  timber  clear  of  standing 
trees,  position  over  the  landing,  and  release  the  load. 

RFLT  -  Reserve  flight  time  expressed  in  minutes.   This  represents  the  amount  of 
flight  time  that  is  desired  to  be  maintained  in  reserve  as  a  safety 
measure. 


FLF  -  Flight  load  factor  expressed  as  a  decimal.   This  represents  the  antici- 
pated fraction  of  total  lifting  capacity  of  the  aircraft  that  will  be 
realized  by  the  average  load.   For  example,  if  it  is  anticipated  that 
70  percent  of  the  aircraft's  lifting  capacity  will  be  realized,  on  the 
average,  for  loads  yarded,  then  an  entry  of  0.70  is  made. 

DTC  -  Downtime  cost  as  expressed  in  dollars  per  minute.   This  is  the  cost  of 

the  entire  helicopter  logging  system  when  the  aircraft  is  down  for  reasons 
other  than  refueling. 

KEY  -  This  is  another  control  variable  for  the  program.   If  calculations  are  to 
be  made  considering  AVP   (explained  in  previous  section) ,  then  a  0  or  no 
entry  is  made.   However,  if  calculations  are  to  be  made  considering 
AVP   (explained  in  previous  section) ,  a  1  is  entered. 


EXAMPLES 


Five  examples  are  presented  to  illustrate  the  use  of  the  model.  These  are 
contrived  examples.  Their  data  (table  2)  were  not  obtained  from  actual  operations 


Table  2 .--Computer  inputs  for  examples  of  helicopter  logging 


Input 

Example 

variable 

I 

II 

III 

IV 

V 

SI 

3000. 

3000. 

3000. 

3000. 

3000. 

SO 

4000. 

4000. 

4000. 

4000. 

4000. 

ADLR 

2000. 

2000. 

2000. 

2000. 

0 

ADRW 

4800. 

4800. 

4800. 

4800. 

4000. 

ADLW 

4000. 

4000. 

4000. 

4000. 

4000. 

A 

3.5 

3.5 

3.5 

3.5 

3.5 

W 

6.5 

6.5 

6.5 

6.5 

6.5 

XL 

480. 

480. 

480. 

480. 

480. 

RFC 

8. 

8. 

8. 

8. 

8. 

P 

8000. 

8000. 

8000. 

8000. 

8000. 

F 

1000. 

1000. 

1000. 

1000. 

1000. 

V 

.015 

.015 

.015 

.015 

.015 

AHT 

2.0 

2.0 

2.0 

2.0 

2.0 

FDT 

.10 

.00 

.00 

.00 

.10 

IGR 

0 

0 

0 

0 

3. 

OC 

14. 

14. 

14. 

14. 

14. 

TRF 

8. 

8. 

8. 

8. 

8. 

PUHT 

.25 

.25 

.25 

.25 

.25 

RFLT 

10. 

10. 

10. 

10. 

10. 

FLF 

.70 

.70 

1.0 

1.0 

.70 

DTC 

8. 

8. 

8. 

8. 

8. 

KEY 

0 

0 

0 

1. 

0 

Figures  1,  2,  3,  and  4  show  the  computer  output  for  examples  I,  II,  III,  and  IV, 
respectively.   Because  the  input  variable  IGR  was  set  equal  to  0  in  these  four  examples, 
no  graphical  output  resulted.   Integers  representing  system  characteristics  have  been 
rounded  down.  The  productivity  of  the  system  increases  successively  from  examples  I 
to  IV.   The  system  represented  in  example  II  is  more  productive  than  the  system  in 
example  I  because  the  fraction  of  downtime  (as  input  via  variable  FDT)  decreases  from 
0.10  to  0.00  (all  other  inputs  remained  the  same).   Example  III  shows  an  increase  in 
productivity  over  example  II  because  the  flight  load  factor  (FLF)  is  increased  from 
0.70  to  1.0  while  all  other  inputs  remained  unchanged.  The  system  represented  in 
example  IV  is  more  productive  than  that  in  example  III,  because  AVP   is  considered 
instead  of  AVP  .   This  is  accomplished  by  setting  the  input  variable  KEY  equal  to  1. 
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Table  3.--SKmmary  of  aomputer  output  for  examples  of  heliaopter  logging 


Example 


II        III  IV 


Refueling  amount  (gal) 
Turns  per  day 
Turns  between  refue lings 
Flight  time  between 

refuelings  (min) 
Number  of  refuelings  per  day 
Percent  yarding  time 
Percent  refueling  time 
Percent  downtime 
Profit  per  day  ($) 
Weight  of  timber  yarded 

per  day  (lb) 11 


212 

212 

219 

319 

200 

82 

91 

91 

95 

82 

13 

13 

13 

19 

12 

61 

61 

62 

91 

57 

6 

7 

6 

4 

6 

77 

86 

86 

90 

78 

13 

14 

14 

10 

12 

10 

0 

0 

0 

10 

193 

6,197 

11,590 

12,730 

5 

,330 

818 

838,687 

1,198,894 

1,281,188 

762 

,862 

Graphs  of  C  (refueling  amount)  versus  weight  yarded  and  profit  per  workday  are 
given  by  figures  5  and  6,  respectively,  for  examples  I  through  IV.   Each  line  on  the 
graphs  is  designated  by  the  appropriate  example  number.  The  increase  in  productivity 
mentioned  previously  can  also  be  discerned  on  these  graphs.   It  can  be  seen  that  the 
curves  are  fairly  flat  in  the  region  near  optimality,  but  it  is  more  costly  to 
"underfuel"  than  to  "overfuel"  the  aircraft.   Note  that  figures  5  and  6  were  not 
obtained  from  the  program,  but  resulted  from  running  a  similar  program  on  a  CALCOMP 
plotter.   The  program  described  is  designed  for  output  on  a  teletype  or  a  line  printer 
because  these  modes  of  output  are  commonly  available. 

Figure  7  illustrates  the  graphical  output  of  the  program  for  example  V.   This 
example  has  the  same  input  as  example  I  except  for  ADLR,  ADRW,  and  IGR.   To  illustrate 
the  effect  of  locating  the  refueling  point  at  the  landing,  ADLR  was  set  equal  to  0  and 
ADRW  was  set  equal  to  ADLW.   Also,  to  obtain  graphs  of  both  weight  yarded  and  profit 
per  workday  versus  amount  of  refueling,  the  input  variable  IGR  was  set  equal  to  3. 
Table  3  summarizes  the  output  of  the  five  examples. 

An  illustration  of  the  many  alternative  evaluations  available  to  the  user  follows. 
Assume  that  the  system  being  evaluated  is  characterized  by  the  input  data  of  example  V 
and  hence  the  results  are  as  given  in  figure  7.   Suppose,  however,  that  the  flight 
time  between  refueling  cannot  be  57  minutes  as  optimally  prescribed,  but  must  be  40 
minutes.  This  latter  time  is  located  on  the  graphs,  and  the  gallons  to  be  refueled, 
the  weight  yarded,  and  the  profit  per  workday  are  approximated  at  140  gallons,  746,000 
pounds,  and  $5,190,  respectively. 

If  an  evaluation  is  to  be  accomplished  where  the  helicopter  remains  running 
during  refueling,  the  following  consideration  should  be  made.   Fuel  burned  during 
refueling  is  considered  to  be  obtained  from  the  reserve  flight  time  and  should  be 
added  to  the  prescribed  amount  C  to  obtain  the  total  refueling  amount.  As  shown  by 
figure  8,  the  amount  that  should  be  refueled  is  c  +  d,  that  is,  the  prescribed  amount 
plus  the  amount  burned  during  refueling. 


12 


FLIGHT   TIME    BETWEEN    REFUELING    (MIN) 
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Figure   5. — Weight  yarded  per  workday  versus  refueling  amount  for 
examples  Ij   II j   III 3   and  IV. 
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FLIGHT    TIME    BETWEEN     REFUELING     (MIN) 
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Figure  6. — Profit  per  workday  versus  refueling  amount  for 
examples  1 3  II 3  III 3   and  IV. 
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Q  -  Time  to  refuel,   TRF 
b  -  Reserve    flight   -time,    RFLT 
c   -  Optimal   refueling   amount,  C 
d   -  Gallons    consumed    during  re- 
fueling 

-  Reserve   gallons 

-  Average    fuel    consumption 
rate   wtien  yarding,    A 

-  Fuel   consumption    rate    when 
refueling 

Amount  to   refuel  =    c  +  d 


Figure  8. — Cdlaulation  of  fuel   load  when  heliaopter  remains 
running  while  being  refueled. 
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a  -  Ti  me  to  refuel,   TRF 
b  -  Reserve    flight   lime,    RFLT 
c   -  Optimal   refueling   amount,  C 
d   -  Gallons    consumed    during   re- 
fueling 
e    -  Reserve   gallons 
slope    f    -  Average    fuel    consumption 

rate   when  yarding,    A 
slope    g   -  Fuel   consumption    rate    when 
refueling 
Amount   to   refuel  =    c  +  d 


Figure  8. — Calaulation  of  fuel  load  when  helioopter  remains 
running  while  being  refueled. 
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SUMMARY 


Yarding  by  means  of  a  helicopter  has  a  number  of  advantages,  notably  minimal 
environmental  impact  and  the  capability  to  harvest  otherwise  inaccessible  timber.   A 
helicopter  logging  operation  is  fairly  expensive;  because  of  this,  thorough  planning 
and  control  efforts  are  more  imperative  than  for  conventional  logging  methods.  The 
cost  effectiveness  of  a  helicopter  logging  operation  is  very  sensitive  to  parameters 
of  and  decisions  pertaining  to  the  system.   Every  effort  should  be  made  to  maximize 
efficiency. 

The  model  presented  in  this  paper  prescribes  within  parameters  of  the  system 
optimal  refueling  for  a  helicopter  logging  operation.  The  model  has  been  programed  in 
FORTRAN  IV  and  is  well  documented.   Several  features  have  been  incorporated  in  the 
program  to  permit  the  user  to  accomplish  alternative  evaluations.   Effects  of  variables 
such  as  yarding  distance,  location  of  the  landing,  flight  load  factor,  costs,  and 
others  can  easily  be  assessed.   The  model  can  also  be  used  to  predict  production  under 
given  circumstances  and  can  be  used  as  a  benchmark  for  monitoring  production. 
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ABSTRACT 


To  facilitate  debris  management,  procedures  for  inventorying  downed 
woody  material  are  presented.  Instructions  show  how  to  estimate  weights 
and  volumes  of  downed  woody  material,  fuel  depth,  and  duff  depth.  Usir^ 
the  planar  intersect  technique,  downed  material  is  inventoried  by  0-  to 
0.25-inch,  0.25- to  1-inch,  and  1- to  3-inch  diameter  classes;  and  by 
1-inch  classes  for  sound  and  rotten  pieces  over  3  inches.  The  method  is 
rapid  and  easy  to  use  and  can  be  applied  to  naturally  fallen  debris  and  to 
slash.  The  method  involves  counting  downed  woody  pieces  that  intersect 
vertical  sampling  planes  and  mieasuring  the  diameters  of  pieces  larger 
than  3  inches  in  diameter.  The  piece  counts  and  diameters  permit  calcu- 
lation of  tons  per  acre. 

OXFORD:  431 

KEYWORDS:  fire  causes  (forest),  fuel  inventory,  forest  fuels,  debris, 
planar  intersect  method,  sampling  methods. 


INTRODUCTION 


This  Handbook  tells  how  to  inventory  weights,  volumes,  and  depths  of  downed  woody 
laterial.   Downed  woody  material  is  the  dead  twigs,  branches,  stems,  and  boles  of  trees 
md  brush  that  have  fallen  and  lie  on  or  above  the  ground.  This  material  is  usually 
;alled  slash  or  logging  debris  if  man  creates  it  by  cutting;  it  is  called  fuel, 
latural  debris,  or  detritus  if  it  accumulates  without  cutting. 

Inventorying  downed  woody  material  can  help  land  managers  practice  fuel  manage- 
lent,  plan  for  prescribed  fire,  and  estimate  utilization  potential.   For  example, 
mdesirable  fuel  hazards  can  be  identified  and  plans  made  for  hazard  reduction.   Fire 
•ehavior  in  wilderness  areas  can  be  predicted  to  aid  in  implementing  let-burn  fire 
)olicies.  The  volume  of  downed  fiber  can  be  estimated  to  plan  for  sales,  removal, 
.nd  utilization.  Managers  can  communicate  in  exact  terms  about  their  debris  problems. 

The  inventory  can  be  done  to  provide  all  or  any  part  of  the  following  information: 

1.  Weights  and  volumes  per  acre  of  downed  woody  material  fbr 

a.  Diameter  size  classes  of  0  to  0.25,  0.25  to  1,  and  1  to  3  inches;  and 

b.  Diameters  of  3  inches  and  larger  for  sound  and  rotten  conditions. 

2.  Average  diameter  of  debris  larger  than  3  inches. 

3.  Depth  of  fuel  and  forest  floor  duff. 

This  Handbook  applies  most  accurately  in  the  western  United  States  because  it 
mtains  average  particle  diameters  for  western  conifers;  however,  the  procedures  are 
.>propriate  for  forests  everywhere.  The  inventory  procedures  are  rapid  and  easy  to 


use.   For  average  amounts  of  downed  debris,  about  5  to  6  minutes  per  sample  point  are 
required  for  the  measurements.  More  time  is  usually  spent  in  traveling  and  locating 
sample  points  than  in  making  the  measurements.   If  only  downed  woody  material  is 
inventoried,  a  two-man  crew  can  complete  20  to  40  plots  a  day,  depending  on  how  much 
debris  is  present. 

The  inventory  of  volumes  and  weights  is  based  on  the  planar  intersect  technique 
(Brown  1971;  Brown  and  Roussopoulos  1974),  which  has  the  same  theoretical  basis  as 
the  line  intersect  technique  (Van  Wagner  1968) .  The  planar  intersect  technique 
involves  counting  intersections  of  woody  pieces  with  vertical  sampling  planes  that 
resemble  guillotines  dropped  through  the  downed  debris.  Volume  is  estimated;  then 
weight  is  calculated  from  volume  by  applying  estimates  of  specific  gravity  of  woody 
material.  The  planar  intersect  technique  is  nondestructive  and  avoids  the  time- 
consuming^  costly,  and  often  impractical  task  of  collecting  and  weighing  large  quan- 
tities of  forest  debris. 

Woody  pieces  less  than  3  inches  in  diameter  are  tallied  by  size  classes.  Pieces 
3  inches  and  larger  are  recorded  by  their  diameters.  Size  classes  of  0  to  0.25,  0.25 
to  1,  and  1  to  3  inches  were  chosen  for  tallying  intersections  because: 

1.  The  class  intervals  provide  the  most  resolution  for  fine  fuels  and  are  small 
enough  to  permit  precise  estimates  of  volume. 

2.  They  correspond,  in  increasing  size,  to  1-,  10-,  and  100-hour  average 
moisture  timelag  classes  for  many  woody  materials  (Fosberg  1970) .   [These  are  standard 
moisture  time  lags  used  in  the  National  Fire-Danger  Rating  System  (Deeming  and  others 
1972)  .] 

Inventory  chosen  areas  as  follows: 

1.  Decide  on  length  of  sampling  planes  and  number  of  sample  points. 

2.  Complete  the  fieldwork. 

3.  Calculate  weight  or  volume,  size,  and  depth  of  debris. 


NUMBER  AND  SIZE 
OF  SAMPLING  PLANES 


0- 

Diametev  of  debris 
-1  in       1-2  in       >3  in 

Sampling  plane 

6            10-12 
6            10-12 
3                6 

(ft) 

35- 

35- 

-15- 

50 
50 
25 

Choose  sampling  plane  lengths  from  the  following  tabulation; 

downed  material 

Nonslash  (naturally  fallen  material) 
Discontinuous  light  slash 
Continuous  heavy  slash 

For  any  area  where  estimates  are  desired,  15  to  20  sample  points  should  be  located 
using  the  sampling  plane  lengths  shown  in  the  tabulation.  This  sampling  intensity 
will  often  yield  estimates  having  standard  errors  within  20  percent  of  the  mean 
estimates.   Areas  larger  than  approximately  50  acres  that  contain  a  high  diversity  in 
amount  and  distribution  of  downed  material  should  be  sampled  with  more  than  20  points. 
If  material  larger  than  3  inches  in  diameter  is  scanty  or  unevenly  distributed,  the 
longer  sampling  planes  in  the  tabulation  should  be  used. 

The  amount  and  distribution  of  downed  woody  material  vary  greatly  among  and 
within  stands.  Thus,  these  sampling  recommendations  should  be  considered  approximate 
because  a  greater  or  fewer  number  of  plots  may  be  required  to  furnish  adequate  preci- 
sion for  any  given  area.   Sampling  intensities  are  discussed  further  in  Appendix  I. 


FIELD  PROCEDURES 


Locating  Sample  Points 


Locate  plots  systematically;  two  methods  are: 

1.  Locate  plots  at  a  fixed  interval  along  transects  that  lace  regularly  across 
a  sample  area  (uniform  sampling  grid).   For  example,  on  a  sample  area,  mark  off  par- 
allel transects  that  are  5  to  10  chains  apart.   Then  along  the  transects  locate  plots 
at  2-  to  5-chain  intervals. 

2.  Locate  plots  at  a  fixed  interval  along  a  transect  that  runs  diagonally 
through  the  sample  area.   To  minimize  bias,  have  the  transect  cross  obvious  changes 
in  fuels.   Before  entering  the  sample  area,  determine  a  transect  azimuth  and  distance 
between  plots. 


Sample  Point  Procedures 


step  1:  Mark  the  sampling  point   with  a  chaining  pin  (No.  9  wire  or  similar  item). 

Avoid  disturbing  material  around  the  point.   Accurate  estimates  require 
measurements  of  undisturbed  material.   If  standing  tree  measurements  (d.b.h. 
and  height)  are  a  part  of  the  inventory,  measure  downed  material  first. 

Step   2:  Determine  direotion  of  sampling  plane   by  tossing  a  die  to  indicate  one  of 

six  30°  angles  between  0°  and  150°  (fig.  1) .   The  0°  heading  is  the  transect 
direction.   Turn  a  fixed  direction,  such  as  clockwise,  to  position  the 
sampling  plane.   As  an  alternative  for  indicating  direction  of  the  sampling 
plane,  use  the  position  of  the  second  hand  on  a  watch  at  a  given  instant. 
To  avoid  bias  in  placement  of  the  sampling  plane,  do  not  look  at  the  fuel  or 
ground  while  turning  the  interval. 


Figure  1. — Locating  sampling 
plane  by  using  die  to  pick 
one  of  six  directions. 


Denote  position  of  the  sampling  plane  by  running  a  tape   or  string  out   from 
the   sampling  point  parallel  to  the  ground  in  the  direction  determined  in 
Step  2    (fig.    2) .      Extend  the   tape   to  the    length  of  the   longest  sampling 
plane.      A  fiberglass   rod  or   1/2-inch   aluminum  tube  placed  along  the  string 
beginning  at   the  sampling  point    facilitates   counting  pieces    less   than 
1    inch   in   diameter.      The   rod  should  be  6    feet    long,    the    length  of  sampling 
plane   for  small   particles.      The   tape   and  rod   fix  the   position  of  vertical 
sampling  planes. 


Grid  Line 
or  Transect 


Sample 
Point 


30    For  each  dot  on  die 


N       Duff  DepthX         6  f^            ,0  ft  to  12  ft 
^        /         \   4r         ■ /\ 


35  ft  to  50  ft 


\      Fuel  Depth 
-\o-l  in   Tolly- 


< -\ 1-3  in   Tally 


-3+  in   Tally 


Figure  2. — Top  view  of  sampling  plane  and  location  of  fuel  depth  measurements. 


step  4:  Measure  or  estimate  slope   by  sighting  along  the  sampling  plane  from  the 

sample  point  using  an  Abney  level  or  similar  device.   Ample  precision  is  the 
nearest  10  percent,  which  can  be  coded  using  one  digit  (10  percent  =  1, 
90  percent  =  9,  etc.)- 

Step  5:  Tally  the  number  of  particles   that  intersect  the  sampling  plane  by  the 

following  size  classes: 

0  to  0.24  inch  (0  to  0,6  cm) 

0.25  to  0.99  inch  (0.6  to  2,5  cm) 

1.0  to  2.99  inches  (2.5  to  7,6  cm) 

The  intersections  can  be  counted  one  size  class  at  a  time  or  "dot  tallied," 
which  takes  slightly  longer  than  counting  (see  sample  data  form,  page  14) , 

The  actual  diameter  of  the  particle  at  the  point  of  intersection  determines 
its  size  class,   A  go-no-go  gage  with  openings  0.25  inch,  1  inch,  and  3  inches 
works  well  for  separating  borderline  particles  into  size  classes  and  for 
training  the  eye  to  recognize  size  classes  (fig,  3) , 

The  vertical  plane  is  a  plot.   Consequently,  in  counting  particle  inter- 
sections, it  is  very  important  to  visualize  the  plane  passing  through  one 
edge  of  the  plot  rod  and  terminating  along  an  imaginary  fixed  line  on  the 
groiind.  Onae  visualized  on  the  ground,    the  position  of  the   line  should  not 
he  changed  while  counting  particles    (fig.  4) .   See  tally  rules  for  qualifying 
particles. 


Figure  S. — Diameter  of 
the  intersected  twig 
is  checked  with  a  go- 
no-go  gage.     The  plot 
rod  marks   the  sam- 
pling plane. 


Figure  4. — The  sampling 
plane  is  exactly 
defined  by  one  edge 
of  the  plot  rod. 


©  Intersections 

Step  6:  Take  three  measurements  of  dead  fuel  depth.      Record  depth   as   the  vertical 

distance   from  the     bottom  of  the   litter   layer  to  the  highest   intersected 
dead  particle   for  each  of  three  adjacent   1-foot -wide  vertical  partitions   of 
the  sampling  plane    (fig.    5)  .      Litter  is   the   surface   layer  of  the   forest   floor 
and  consists   of  freshly  fallen   leaves,   needles,    twigs,   bark,    and   fruits. 
Begin  the  vertical  partitions   at   the   sample  point.      Record  to  the  nearest 
whole   inch. 

1- Foot -Wide  Vertical   Partitions 


Sample 
Point   \ 


Figure  5. — Cross  sec- 
tion of  a  fuel  bed. 
Depth  is  measured 
along  the  arrows 
in  each  1-foot- 
wide  partition. 


Mineral  Soi 


teaii^- 


Depth  should  be  measured  from  only  those  particles  included  in  the 
inventory  for  loading.   For  example,  particles  acceptable  for  measurement 
by  the  planar  intersect  technique  are  also  acceptable  for  determining  depth. 
If  other  techniques  are  used  to  estimate  weight  per  acre  of  grass  and  forbs, 
this  vegetation  would  also  qualify  for  determining  depth. 

Step  7:  Measure  vertioal  depth  of  duff   to  the  nearest  0.1  inch  using  a  ruler  along 

the  sampling  plane  at  two  points:   (1)  1  foot  from  the  plot  center;  and 
(2)  a  fixed  distance  of  3  to  5  feet  from  the  first  measurement. 

Duff  is  the  fermentation  and  humus  layers  of  the  forest  floor.   It  does 
not  include  the  freshly  cast  material  in  the  litter  layer.   The  top  of  the 
duff  is  where  needles,  leaves,  and  other  castoff  vegetative  material  have 
noticeably  begun  to  decompose.   Individual  particles  usually  will  be  bound 
by  fungal  mycelium.   When  moss  is  present,  the  top  of  the  duff  is  just  below 
the  green  portion  of  the  moss.   The  bottom  of  the  duff  is  mineral  soil. 

Carefully  expose  a  profile  of  the  forest  floor  for  the  measurement.   A 
knife  or  hatchet  helps  but  is  not  essential.   Avoid  compacting  or  loosening 
the  duff  where  the  depth  is  measured. 

IVhen  stumps,  logs,  and  trees  occur  at  the  point  of  measurement,  offset 
1  foot  perpendicular  to  the  right  side  of  the  sampling  plane.   Measure  through 
rotten  logs  whose  central  axis  is  in  the  duff  layer  (fig.  6)  . 

Yes=  center  of  log  is  in  duff  layer  or  below. 
No=  center  of  log  is  above  duff  layer. 


f§p»Mineral  Soilv 

o*'  <S?<?  '"Si^J.^  'S^^J?  h.P.'.sX  ."^•'^  0%R?V  oSi 


x  =  center  of  log 

Figure   6. — Duff  depth  is  measured  through  a  rotten  log  when  its 
central  axis   lies  in  or  belob:)  the  duff. 


Step  8:  Measure  or  estimate  the  diameters   of  all  pieces  3  inches  in  diameter  and 

larger  that  intersect  the  sampling  plane.   Measure  the  diameters  at  the 
point  of  intersection  to  the  nearest  whole  inch. 

Record  diameters  separately  for  rotten  and  nonrotten  pieces.   Consider 
pieces  rotten  when  the  piece  at  the  intersection  is  obviously  punky  or  can 
be  easily  kicked  apart. 

A  ruler  laid  perpendicularly  across  a  large  piece  of  fuel  works  satisfac- 
torily for  measuring  diameter.   Be  sure  to  avoid  parallax  in  reading  the 
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ruler.      Calipers   also  work  well    for  measuring  diameter.      A  diameter  tape, 
however,    is   unsatisfactory  for  pieces   in  contact  with   the   ground. 

Use  as  many  consecutive   lines   on  the  data   form   (see  page   14)    as  necessary 
to   record  diameters. 

Step  9:  Fov  the  entire  sample  area,    record  the  predominate  species  of  the  0-   to 

1-inch-diameter  branchwood.      An   average   diameter  for  the  0-   to  0.25-inch, 
and  0.25-   to  1-inch  size   classes  will  be   selected  from  this   information.      If 
several   species   comprise   the   downed  debris,    estimate  the  proportion  of  the 
two  or  three  most   common  species.      Base  this   estimate  on  a  general   impression 
of  what   exists   on  the   sample   area  and  record  as  percentages   of  total  0-   to 
1-inch  branchwood.      Or,    for  a  slight   reduction  in  accuracy,    omit   this   step 
and  in  the  calculations  use   an  average   diameter  for  a  composite  of  species 
(page   16) . 


TALLY  RULES 


The  following  rules  apply  to  downed  woody  pieces  of  all  diameters: 

1.  Particles  qualifying  for  tally  include  downed,    dead   woody  material 
(twigs,  stems,  branches,  and  bolewood)  from  trees  and  shrubs.   Dead  branches 
attached  to  boles  of  standing  trees  are  omitted  because  they  are  not  downed 
vegetation.   Consider  a  particle  downed  when  it  has  fallen  to  the  ground  or 
is  severed  from  its  original  source  of  growth.   Cones,  bark  flakes,  needles, 
leaves,  grass,  and  forbs  are  not  counted.  Dead  woody  stems  and  branches 
still  attached  to  standing  brush  and  trees  are  not  counted. 

2.  Twigs  or  branches  lying  in  the  litter  layer  and  above  are  counted. 
However,  they  are  not  counted  when  the  intersection  between  the  central  axis 
of  the  particle  and  the  sampling  plane  lies  in  the  duff  (forest  floor  below 
the  litter)  (fig.  7) . 


Does  Not  Qualify 


Qucllfi 


es 


I^Minerol  Soil 


oV.» «; •>;Ahl3?c£'«- ^'o  ^- -o.Mo' oSo':,! .!&;<,•« c^-V),. 


h:-mMti:>-Sfs:, 


Figure   7. — Regardless  of  size^   pieces  are  tallied  only  when  inter- 
section lies  in  and  above  the   litter   (right  of  arrow) . 


3.   If  the  sampling  plane  intersects  the  end  of  a  piece,  tally  only  if 
the  central  axis  is  crossed  (fig.  8).   If  the  plane  exactly  intersects  the 
central  axis,  tally  every  other  such  piece. 


Sampling  Planes 


Figure  8. — An  intersection  at  the  end  of  a  branch  or  log  must 
include  the  central  axis  to  be  tallied. 


4.  Don't  tally  any  particle  having  a  central  axis  that  coincides  per- 
fectly with  the  sampling  plane.   (This  should  rarely  happen.) 

5.  If  the  sampling  plane  intersects  a  curved  piece  more  than  once, 
tally  each  intersection  (fig.  9) . 


■Intersections 


Figure  9. — Count  both  intersections  for  a  curved  piece. 

6.  Tally  wood  slivers  and  chunks  left  after  logging.  Visually  mold 
these  pieces  into  cylinders  for  determining  size  class  or  recording  diameters, 

7.  Tally  uprooted  stumps  and  roots  not  encased  in  dirt.   For  tallying, 
consider  uprooted  stumps  as  tree  boles  or  individual  roots,  depending  on 
where  the  sampling  planes  intersect  the  stumps.   Do  not  tally  undisturbed 
stumps. 

8.  For  rotten  logs  that  have  fallen  apart,  visually  construct  a 
cylinder  containing  the  rotten  material  and  estimate  its  diameter.   The 
cylinder  will  probably  be  smaller  in  diameter  than  the  original  log. 

9.  Be  sure  to  look  up  from  the  ground  when  sampling  because  downed 
material  can  be  tallied  up  to  any  height.   A  practical  upper  cutoff  is  about 
6  feet.   However,  in  deep  slash  it  may  be  necessary  to  tally  above  6  feet. 
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When  standing  trees   are  inventoried  along  with   downed  material,   it   is  necessary 
to  fix  a   limit   above  the  ground  for  sampling  downed  material.      An  upper  limit  helps 
define   a  downed  tree   so  that   inventory  of  standing  and  downed  materials  will  not 
overlap.— 

EEAYY  SLASH  OPTIONS 

1.      A  yardstick   attached  to  a  Jacob's   staff  is   useful   for  marking  the  sampling 
plane   and  speeds   the   counting  of  small   particles    (fig.    10).     Erect   the  Jacob's   staff 
at  the  sample  point.      Aline  the  yardstick  with  the  direction  of  the  sample  plane   and 
level   it  using  an  attached  bubble   level. 


Figure   10. — A  yardstick  or 
meter  stick  attached  to 
a  Jacob  's  staff  defines 
the  sampling  plane  in 
heavy  slash. 


2,      In  areas  with  considerable   slash,    sampling  efficiency  is   improved  by 
ocularly  estimating  the  number  of  0-   to  0.25-inch   intersections   and  actually  counting 
the  number  of  intersections   at   a  subsample   of  points.     The  ocular-estimates   are 
adjusted  using  the  ratio  of  ocular  estimates-to-actual   counts.     This  method,    incor- 
porating 3P   sampling,    is   described  in  detail  by  Beaufait   and  others    (1974). 


—  In  the  USDA  Forest  Service  Northern   Region,    a  rule  has  been  established  that   a 
stem  is  "downed"   and  thus  qualifies   for  tallying  when  the  intersection  of  the  sampling 
plane  and  central   axis   is   6   feet  or  less   from  the  ground.      If  the  midpoint  of  the  bole 
is  more  than  6   feet  above  ground   for  trees   encountered  in   fixed  and  variable  radius 
plots,   they  are  inventoried  as  "standing." 
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3.        For  each   sampling  plane,    estimate  the  proportion  of  0-   to   1-inch-diameter 
branchwood  to  the  nearest   10  percent  for  the  three  most  common  species . 

UTILIZATION  OPTIONS 


For  pieces  over  3  inches  in  diameter,  the  following  additional  measurements  can  be 
useful  for  describing  utilization  potential: 

1.  Species 

2.  Length  of  piece 

3,  Diameter  at  large  end 

4,  Degree  of  checking,  rot,  and  other  defects  that  apply  to  the  entire  piece. 


Item 


Field  Equipment 


Use 


1.  Hand  compass 

2.  Gaming  die 

3.  50- foot  tape  or  string  and  one 

chaining  pin 

4.  Plot  rod 

5.  Go-No-Go  gage  (fig.  11) 

6.  1-foot  ruler  or  steel  pocket  tape 


7.  Hypsometer  with  percent  scale 

8.  Sample  forms 

9.  For  slash:  Jacob's  staff  with  attached 

yard  or  meter  stick  and  level 


Transect  and  plot  layout. 

Random  orientation  of  sampling  planes. 

Delineate  the  sampling  planes. 
Delineate  sampling  planes  and  if 

calibrated,  measure  fuel  depth. 
Determine  size  class  of  borderline 

particles . 
Measure  duff  depth  and  diameters  of 

pieces  over  3  inches .   Fuel  depth 

could  be  measured  with  steel  pocket 

tape. 
Slope  measurement. 
Record  data. 
Delineate  sampling  plane  for  counting 

small  particles. 


// 


♦ 


Figure  11. — A  Go-No- Go  gage  can  he 
cut  from  1/16     or  1/8-inoh 
sheet  aluminum.      Cut  the  notches 
slightly  tight  and  file  smooth 
to  final  dimensions. 


12 


CALCULATIONS 


The  calculations  can  be  readily  processed  by  computer!./  and  are  also  easy  using  a 
desk  calculator.   Sample  calculations  are  shown  in  figures  12  and  13.   For  a  given 
stand  or  sample  area,  fill  in  the  computation  summary  sheet  as  follows: 

1.   Calculate  the  average  slope  correction  factor  (c)  using  slope  correction 
factors  for  each  sampling  plane.   Look  up  the  correction  factors  in  table  1  or 
compute  them  by: 


^F^ 


Percent  slope\* 
TUU j 


No  slope  correction  is  needed  for  samples  taken  using  the  Jacob's  staff. 


Table  I. --Slope  oorreation  factors  for  oonverting  weight /aove 
on  a  slope  basis   to  a  horizontal  basis 


: 

Correction 

: 

Correction 

Slope     : 

factor 

Slope     : 

factor 

Percent 

o 

Percent 

c 

0 

1.00 

60 

1.17 

10 

1.00 

70 

1.22 

20 

1.02 

80 

1.28 

30 

1.04 

90 

1.35 

40 

1.08 

100 

1.41 

50 

1.12 

110 

1.49 

2/ 

—  Card  punching  instructions  and  a  FORTRAN  program  for  computing  the  inventory 
results  are  available  upon  request  from  the  Northern  Forest  Fire  Laboratory,  Drawer  G, 
Missoula,  Montana  59801. 
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DOWNED      FUEL      INVENTORY 


TORI 

vST 

SULCOMPAiriM'M' 

- 

ASPFCT 

BLOCK 

^AND 
ELEVATION 

COVER  TYPE 
HABITAT  TYPE 

coMrAraM-:OT 

SIZE  CLASS    (In.  )                                  :        0  -   1 
LENGTH  OF   SAMPLING   PLANE    (Ft . )    :             6 

1    -   3 
/  O 

3+ 

3  5 

d 

f-l 

1 

NO.    OF 
INTtXSECTS 

DUFF  DFJTH 

3+  DIAMETTER 

FUEL  nEPTH 

o 

1 

ir. 

on 
1— 1 

■p 

U 

1 

o 

c 
o 

o 

o 

CO 

c 

0) 

-p 

1 

1 

■p 

I 

4J 

-a 

6 

•H 

|/ 

T 

,  J,^ 

,^ 

,3 

1/  ,  / 

,/.7 

/i^ 

,^ 

,^ 

1 

2|5 

''l<^ 

1^ 

,3 

,   / 

1 

/l?. 

,1 

5 

,      .  S 

1^ 

,<r 

,      ,? 

,    ,7 

/|2 

/     If? 

1  7 

,2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

, 

1 

, 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

L.  .  i_ 

1 

1 

GROUND  FUFL  COMPOSITION 

If  heavy  slash,    code    1    '■                          V 

Speaies 

Percent 

1. 

2. 

3. 

tigure  12. — Sample  data  form. 
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DOWNED      WOODY      MATERIAL     COMPUTATION      SUMMARY 


FOREST: 

COMPARTMENT 

STAND: 

Formulas  to  compute  tons /acre: 

11.64  XnXd^XsXaXc 

(A)     0-  to  3- inch  material:       ■  ^ 

(B)     3+-inch  material            :       .  11.64  X  5:d2  X  s  X  a  X  c 

fit. 

Size 
class 

Constant 

n 

d2 

s 

a 

c 

N£ 

Tons/ 
acre 

0  -    .25 

//■i-i 

3^ 

,0/S/ 

,/^ 

(/^ 

/■08 

/z 

.2  75       I 

.25  -   1 

//.W 

n 

,2.8^ 

W^ 

J/-3 

/■^S 

/z 

LSI      II 

1   -   3 

//'4^¥ 

3 

2-  7h 

.-io 

/n 

/-?<? 

zo 

2-3S    III 

Ed2   for  3+ 

3+  Sound 

y/^v 

3/7 

.^d 

/  o 

J.  OS 

70 

2X8      IV 

3+  Rotten 

//.6V 

76? 

^^O 

/.o 

^<p^ 

7C 

v/  y     V 

3+  Sound  S  Rotten  =   IV 

+  V    = 

141     VI 

Total   =   I  +   II   +   III  + 

VI 

t^-^     VII 

S 

Sound     : 
Rotten   : 
Sum  of  duf 

Lim  of  3+-inch 
diameters                  c 

Number 
)f  pieces 

Average 
diameter 

^25    in. 

1^5    in. 

Sum  of  fuel  depths 

Vo 

33 

^-7 

2. 

'/.^       in. 

f  depths: 

in. 

Number  observations    :         V 

Number  observations 

-  i> 

Average  du 

ff  depths    : 

/.  / 

in. 

Ave] 

rage  fuel 

depths 

6- 

7      in. 

Figrure   13. — Computation  summary  sheet.      The  input  values  are  from  figure  12. 


15 


2.  Total  the  number  of  intersections  (n)  over  all  sample  points  for  each  of 
the  0-  to  0.25-inch,  0.25-  to  1-inch,  and  1-  to  3-inch  size  classes  .1^ 

3.  From  table  2,  enter  the  appropriate  squared  average  diameters  (d^)  for  each 
size  class  on  the  computation  sheet.   If  species  composition. has  been  determined, 
calculate  an  average  d^  as: 


d2  = 


Pld^  ^  P2d^2  ^  P3d^3 

Pi   +  Po  +  Pz, 


Inhere  Pi,  ?£,  and  P3  are  percentages  for  composition  of  the  species  recorded  in  Step  9 
(page  9)  . 

If  several  species  are  present  and  their  composition  unknown,  the  composite  d^ 
values  can  be  used  as  approximate  averages. 


Table  2. --Squared  avevage-quadratia-mean  diameters  for  nonslash  and  slash 

ground  fuels 


Size  class 
(inches) 

:          Nonslash 

• 

Slash 

!  Cover  type!-'  '. 

Average  d^   '. 

Species—' 

: 

Average  d^ 

Inches'^ 

Inches'^ 

0  -  0.25 

PP 

0.0342  J'<^S 

PP,  LP 

0.0248  ./5'' 

LP 

.0201  ./4-Z 

L 

.0149  -m 

S,  DF,  AF,  C 

.0122  .   • 

DF,  GF,  C, 

S 

.0122  •'/" 

L 

.0149  ,trL 

Composite.?-/ 

.0151  ''?- 

Composite 

.0151  .  ,-?  ^ 

0.25  -  1 

LP 

.344  .   '■ 

PP,  C 

.317  -5^^ 

S,  DF,  AF,  C 

.304  . 

DF,  GF,  LP, 

L, 

S 

.278  'SII 

L,  PP 

.238  . 

Composite 

.289  ^S^^ 

Composite 

.289  , ;  ; 

1  -  3 

PP,  AF 

3.12  ''-^^ 

LP 

3.50  '■^~' 

S,  DF,  C,  LP 

2.87  /.C^^ 

DF,  PP,  GF 

2.83  J-'^'i) 

L 

2.17  '.47 

L,  C,  S 

2.30  /.S'Z- 

Composite 

2.76  ',i'^ 

Composite 

2.76  t,U^ 

^PP=ponderosa  pine  (Pinus  ponderosa) ;   LP=lodgepole  pine  {Pinus 
oontorta) ;   S=Engelmann  spruce  {Pioea  engelmannii)  \   DF=Douglas-fir 
(Pseudotsuga  menziesii) ;   L=westem  larch  (Larix  oaoidentalis ) ;   GF=grand  fir 
(Abies  grandis);   C=westem  redcedar  (Thuja  plioata) ;   AF=subalpine  fir 
(Abies   lasiooarpa) . 

—' kll   composite  values  are  averages  of  nonslash  and  slash  fuels  with 
each  cover  type  and  species  weighted  equally. 


2/For  calculating  standard  errors  of  the  estimate,  the  number  of  intersections 
(Step  2)  and  the  sum  of  squared  diameters  (Step  7)  must  be  recorded  for  each  plot. 


16 


4.  Determine  specific  gravity (s)  of  materials  from  known  sources  or  from 
laboratory  studies.  Approximate  specific  gravities  for  conifers  are: 

Diameter  class  (inahes) :     0-0.25    0.25-1    1-3     3+Sound    3+Rotten 

Specific  gravity       :   0.48      0,48      0.40    0.40       0.30 

Decay  and  variability  in  density  make  this  variable  difficult  to  handle  with  accuracy. 
More  accurate  estimates  for  large  sound  material  can  be  obtained  by  using  specific 
gravities  from  the  USDA  Forest  Service  (1955)  Wood  Handbook.      Special  studies,  as 
shown  in  Appendix  II,  are  needed  to  improve  accuracy  for  the  other  particle  categories. 

5.  For  slash,  determine  the  nonhorizontal  angle  correction  factors  (a)  from 
table  3.   For  nonslash  fuels,  use  the  following  correction  factors  based  on  a  composite 
of  western  species: 

0  to  3  inches:  1.13 

3+  inches:  1.00 

The  correction  factor  adjusts  weight  estimates  for  the  fact  that  all  particles  do  not 
lie  horizontally  as  assumed  in  the  planar  intersect  theory. 


Table  3. --Average  seoant  of  nonhor-izontat  'particle  angles  for 
correcting  orientation  bias  for  slash 


Size  class 

(inches) 

:   Species. 

\!            : 

Average  (a) 

Fresh 
slash 

: 

1-year  and 
older  slash 

0  to  0.25 

PP 

1.25 

1.25 

Others 

1.40 

1.15 

0.25  to  1 

PP 

1.25 

1.25 

Others 

1.13 

1.13 

1  to  3 

PP 

1.22 

1.22 

Others 

1.10 

1.10 

3+ 

All  (an 

assumpt 

Lon) 

1.00 

1.00 

i_/pp=ponderosa  pine;  Others=based  on  data  for  Douglas- fir, 
lodgepole  pine,  Engelmann  spruce,  western  redcedar,  western  larch, 
and  grand  fir. 

6.  Calculate  the  total  length  of  sampling  line  (N£)  for  each  size  class:  N£  = 
number  of  sample  points  multiplied  by  length  of  sampling  plane  (feet) . 

7.  For  material  3  inches  and  larger,  square  the  diameter  of  each  intersected 
piece  and  sum  the  squared  values  (2d^)  for  all  pieces  in  the  sampled  area.—'   Compute 

iJlbid. 


17 


Ed^  separately  for  sound  and  rotten  categories.  To  obtain  weights  or  volumes  for 
certain  diameter  ranges  (3  to  9  inches,  for  example),  compute  Ed^  for  the  specified 
range. 

8.  Calculate  the  sum  of  diameters  for  all  intersected  pieces  3  inches  and  larger 
(calculate  sound  and  rotten  materials  separately) , 

9.  Calculate  the  sum  of  all  measurements  for  duff  depth. 

10.   Calculate  tons/acre,  using  formulas  on  the  computation  sheet  (fig.  13).—'   If 
desired,  calculate  volumes: 


„  ,  .   J,  ^  32.05  X  tons  per  acre 

Cubic   feet  per  acre  =  — ;; t-ft- *— -r— 

■^  Specific   gravity 


gravity 


11.  Calculate  average  diameters  of  intersected  pieces  3  inches  and  larger. 

12.  Calculate  average  fuel  depth  and  duff  depth  as  the  sum  of  the  depths  divided 
by  the  number  of  measurements. 

13.  Appendix  III  shows  how  to  calculate  needle  quantities  in  slash. 

When  inventorying  large  areas  that  hold  many  species  it  is  practical  to  use 
composite  values  and  approximations  for  diameters,  specific  gravities,  and  nonhorizontal_ 
corrections.   For  example,  a  timber  management  and  downed-debris  inventory  in  the 
Northern  Region  of  the  USDA  Forest  Service  utilizes  composite  average  diameters,  com- 
posite average  nonhorizontal  correction  factors,  and  best  approximations  for  specific 
gravities . 

For  the  Northern  Region  inventory,  the  formulas  in  figure  13  simplify  to: 

1.  0-  to  0.25-inch  size  class:  w  =  0.09533  nc/N£ 

2.  0.25-  to  1-inch  size  class:  w  =  1.825  nc/Nil 


3. 
4. 
5. 
where : 


1-   to   3-inch   size   class 
3+-inch   sound 
3+-inch  rotten 


w  =    14.52   nc/Nii 
w  =   4.656   Zd^c/Nil 
w  =   3.492   U^c/m 

w  =  weight,  tons/acre. 


_/The  formulas  incorporate  an  insignificant  bias  because  n,  Ed^,  and  c  are  toraled 
separately.   Summing  n  x  c  or  Zd^  x  c  over  all  plots  would  eliminate  the  biases;  how- 
ever, this  is  unnecessarily  troublesome. 
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FURTHER  APPLICATIONS 


If  only  debris  larger  than  3  or  4  inches  in  diameter  is  to  be  inventoried,  the 
line  intersect  technique  described  by  Howard  and  Ward  (1972)  and  Bailey  (1969)  might 
be  more  appropriate  than  the  planar  intersect  method,  especially  in  logging  slash. 
The  line  intersect  method  employs  a  few  long  sampling  planes;  the  planar  intersect 
method  employs  many  small  sampling  planes.   If  debris  both  greater  than  and  less  than 
3  or  4  inches  in  diameter  must  be  inventoried,  the  planar  intersect  technique  is  more 
efficient.  The  planar  intersect  technique  can  also  be  coordinated  with  other  measure- 
ments of  vegetation  taken  on  plots  (for  example,  an  inventory  of  timber  volume). 

The  procedures  in  this  Handbook  can  be  applied  to  downed  debris  in  areas  other 
than  the  western  United  States  by  assuming  or  measuring  average  diameters  for  the 
three  size  classes  of  particles.  Average  diameters  have  been  determined  for  red  pine 
(Finns  vesinosd) ,    jack  pine  (Pinus  hanksiana)  ,   and  oak  {Querous   spp.)  (Brown  and 
Roussopoulos  1974) .  A  convenient  method  for  estimating  slash  weights  of  several  Lake 
States  tree  species  has  been  reported  by  Roussopoulos  and  Johnson  Cl973) . 

If  fire  behavior  is  to  be  mathematically  modeled  using  models  such  as  Rothermel's 
(1972),  weights  of  other  fine  fuels  such  as  needle  litter,  dead  grass,  and  dead  forbs 
also  should  be  determined  by  sampling  or  by  extrapolating  from  existing  information. 
Sampling  for  quantities  of  grass,  forbs,  and  litter  requires  methods  other  than  the 
planar  intersect  technique  (USDA  Forest  Service  1959;  Brown  1966;  Hutchings  and 
Schmautz  1969) . 

Because  practical  methods  of  inventory  have  been  lacking  in  the  past,  accumula- 
tions of  downed  fuel  and  debris  have  been  described  in  vague  terms  such  as  "light," 
"medium,"  and  "heavy."  Using  the  simple  field  procedures  in  this  Handbook,  weight 
and  volume  of  downed  woody  material  can  be  inventoried  to  provide  an  objective  basis 
for  managing  debris . 
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APPENDIX  I 

Sampling  Intensities 


NUMBER  AND  SIZE  OF  SAMPLING  PLANES 

Sampling  precision  can  be  controlled  by  altering  the  niamber  of  plots  and  length 
of  sampling  planes.  As  a  general  rule,  the  more  downed  material  on  an  area,  the  fewer 
the  number  and  shorter  the  length  of  sampling  planes  required  to  achieve  a  given  level 
of  precision.   Figure  14,  based  on  average  sampling  variation  for  number  of  inter- 
sections of  0-  to  1-inch  and  1-  to  3-inch  particles,  can  help  in  choosing  number  of 
plots  and  length  of  sampling  planes.  The  data  for  figure  14  are  from  many  stands  of 
varying  composition  and  downed  debris  accumulations  in  northern  Idaho  and  western 
Montana.   Curves  for  all  material  under  3  inches  in  diameter  would  fall  between  those 
for  the  0-  to  1-inch  and  1-  to  3-inch  classes. 

Percent  errors  of  20  percent  or  less  are  probably  adequate  levels  of  precision  for 
assessing  most  fuel  problems.   Percent  error  is  the  standard  error  of  the  estimate 
divided  by  the  mean  estimate  and  expressed  as  a  percentage.  More  precision,  such  as 
percent  errors  of  10  to  15  percent,  may  be  desirable  for  evaluating  utilization  poten- 
tial of  downed  woody  material. 

Precision  is  maximized  using  a  different  length  of  sampling  plane  for  each  size 
class.   However,  considering  both  field  effort  and  precision,  it  is  more  efficient  to 
use  the  same  plane  length  for  sampling  the  0-  to  0.25-  and  0.25-  to  1-inch  classes. 
The  following  suggestions  will  help  determine  the  most  efficient  number  and  length  of 
sampling  planes  for  a  given  area: 

1.   Record  data  from  about  20  sampling  planes  in  an  area  and  calculate  the  varia- 
tion for  guiding  further  sampling. 


^  0-1  in 
■■■  1-3  in 


90   100   110 


Number  of  sample  points 

Figure  14. — Percent  errors  for  number  of  particle  intersections  along  6-  and 
12- foot-length  sampling  planes  related  to  number  of  sample  points  for  quan- 
tities of  light  slash  and  nonslash.     Percent  error  is  lOOX  (standard  error 
of  the  estimate  divided  by  the  mean  estimate) . 
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2.  For  material  larger  than  3  inches  in  diameter,  the  sampling  plane  should  be 
long  enough  so  that  on  the  average  at  least  one  intersection  occurs  with  three-fourths 
or  more  of  the  planes.   A  large  sampling  variance  results  when  maay  zeros  are  recorded 
for  intersections.   In  areas  where  very  little  downed  material  exists,  sampling  planes 
should  actually  be  one  to  several  hundred  feet  long  to  provide  respectable  precision. 
Where  many  sampling  planes  have  zero  entries,  other  methods  such  as  measurement  of 
length  and  diameter  of  all  downed  pieces  may  be  the  most  efficient  method  of  inventory. 

3.  The  number  and  length  of  sampling  planes  should  be  chosen  so  that  for  a  piece 
size  of  interest,  such  as  material  over  3  inches  in  diameter,  at  least  35  to  50  inter- 
sections occur  over  an  entire  sampled  area. 

SAMPLING  PRECISION  FOR  DEPTH  MEASUREMENTS 

To  achieve  percent  errors  of  15  and  20  percent  using  two-stage  sampling,  the  most 
efficient  number  of  secondary  sampling  units  appears  to  be  three  for  fuel  depth  and  two 
for  duff  depth  (fig-  15). 

The  data  for  figure  15  represent  average  variation  from  sampling  a  wide  variety  of 
forest  and  downed  fuel  conditions  in  northern  Idaho  and  western  Montana.   Several  thou- 
sand measurements  were  taken  using  two  secondary  sample  points  for  duff  depth  and  three 
secondary  sample  points  for  fuel  depth.   Vegetation  qualifying  for  fuel  depth  measure- 
ments included  all  dead  downed  woody  material  and  dead  brush,  grass,  and  forbs .   The 
data  were  subjected  to  analysis  of  variance  for  two-stage  sampling. 

The  number  of  sample  plots  required  to  attain  a  given  level  of  precision  varies 
considerably  among  different  areas.   For  choosing  sampling  intensities  for  specific 
areas  the  number  of  primary  sample  points  in  figure  15  could  be  adjusted  up  or  down 
considerably,  depending  on  homogeneity  of  the  dead  vegetation  strata. 


120 


o  100 
J) 

Q. 

E  80 


°  60 


o  40  - 


0) 

E 

D 


20 


15% 

I 


I 


1  Dead  fuel  depth 
E  Duff  depth 


ll     I 


Hi  I, 

i  i 


L 


I 

li  1.  iih 


IP 


1^==    .^^gg 


j^Li^ 


12      3      4      5 

Number  of  secondary  sample  points 


Figure  15. — Number  of  primary  and  secondary  points  needed  to  achieve 
percent  errors  of  15  and  20  percent  for  fuel  depth  and  duff  depth. 
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APPENDIX  II 


Specific  Gravities  of  Sound  Material 

The  specific  gravities  in  table  4  are  based  on  ovendry  weight  and  airdry  volume 
and  can  be  used  for  calculation  of  loadings. 


Table  4. — Speaifio  gravity  of  woody  twigs 
and  hvanches  with,  hark  attached 


Species 

; 

Diameter 

size 

class  (cm) 

:   -'^ 

-  1   : 

i/l 

-  10 

:  -^° 

-  1 

:  i/i  -  3 

;  i/3  -  5 

Ponderosa  pine 

0 

.41 

0 

.51 

0.57 

0.53 

0.49 

Douglas -fir 

.55 

.43 

.56 

.56. 

.52 

Western  larch 

.46 

.55 

Lodgepole  pine 

.49 

.41 

Engelmann  spruce 

.34 

.34 

Subalpine  fir 

.41 

.40 

Vestem  redcedar 

.48 

.33 

y   William  R.  Beaufait  and  Charles  E.  Hardy.   Fire  quantification  for  silvi- 
;ultural  use.   USDA  For.  Serv. ,  Intermt.  For.  5  Range  Exp.  Stn.   (In  preparation.) 

y   Brown  (1972) . 
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APPENDIX  III 


Calculating  Needle  Quantities 

Weight   of  needles   can  be  determined  by  multiplying  ratios   of  needle-to-branchwood 
weights    (table  5)    times   estimated  branchwood  weight.      The   estimates   in   table  5   are   for 
branches  having  all  needles   attached.      The   data  are  based  on  estimates   of  needles   and 
branchwood  from  total    living   crowns    for  trees  between   2   and  30   inches   d.b.h. 

Table  5. — Foliage- to-hvanohjood  ratios  based  on  ovendvy  weight 


Species       : 

Diameter 

of  branches 

No.  trees 

0-  to  0.25-in 

ch 

•   0- 

to  1-in 

ch 

sampled 

Western  larch 

0.70 

0.43 

13 

Ponderosa  pine 

14.10 

.98 

14 

Western  white  pine 

3.30 

1.02 

5 

Douglas- fir 

2.19 

.82 

9 

Western  hemlock 

1.90 

.80 

17 

Engelmann  spruce 

2.38 

1.34 

4 

Western  redcedar 

5.00 

1.45 

13 

Lodgepole  pineV 

1.34 

.31 

3 

Grand  firV 

2.52 

1.00 

3 

U  Data  by  Fahnestock    (1960) 
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ABSTRACT 


Good  survival  and  growth  of  planted  seedlings  have  been  experienced 
in  the  Intermountain  Region,  USDA  Forest  Service,  when  proper  snow 
cache  planning,  construction,  and  related  tree  handling  techniques  are 
practiced.  General  snow  storage  and  handling  requirements  are  de- 
scribed, and  planning  and  construction  details  are  provided  for  two  types 
of  snow  caches  that  have  been  used  successfully  for  several  years  by  the 
Payette  National  Forest  in  west-central  Idaho.  The  pit  snow  cache  has 
been  the  prescribed  seedling  storage  method  for  the  Intermountain  Re- 
gion since  1970.  The  culvert  snow  cache  also  is  a  field-proven  system. 
The  report  includes  recommendations  applicable  to  both  systems  and 
others  for  proper  pre-  and  post-storage  care  of  seedlings. 


INTRODUCTION 


Successful  reforestation  by  tree  planting  requires  meticulous  planning  and  care  at 
each  step.   Proper  attention  to  the  storage  and  handling  portion  of  the  process  will 
not  insure  success  if  all  other  steps  are  not  equally  well  done.   However,  seedling 
storage  and  handling  often  are  slighted  in  reforestation  programs,  being  relegated  to 
untrained  persons  using  inadequately  planned  facilities.   Improvements  in  this  phase  of 
the  process,  therefore,  are  critical  to  improved  programs. 

The  techniques  described  here  have  been  an  important  part  of  most  successful 
reforestation  programs  in  the  Intermountain  Region  in  recent  years.  Numerous  instances 
have  been  recorded  in  the  Region  where  trees  stored  in  snow  caches  for  60  to  90  days 
or  more,  and  handled  as  described,  have  responded  with  first-year  survival  of  90  percent 
or  more  and  good  initial  growth. 

In  1973,  more  than  95  percent  of  the  6.9  million  trees  planted  in  the  Region  were 
stored  in  snow  caches.  The  average  first-year  survival  of  all  trees  planted  was  88 
percent.   Species  included  ponderosa  pine,  Jeffrey  pine,  lodgepole  pine,  Douglas-fir, 
Vestem  larch,  and  Engelmann  spruce. 

Snow  caches  have  been  used  to  store  tree  seedlings  in  the  Intermountain  Region 
ind  elsewhere  for  many  years.   Results  have  varied  according  to  snow  cache  design,  or 
.ack  of  it,  and  pre-  and  post-storage  tree  handling.   A  recent  study^  indicated  that 
properly  constructed  snow  storage  facilities  provide  a  good  temperature  regimen  for 

lanting  stock  over  extended  periods.  Temperatures  measured  within  the  root  mass  of 
lackaged  trees  stored  in  two  types  of  snow  caches  were  actually  lower,  and  fluctuated 

ess,  than  those  measured  in  similarly  packaged  trees  stored  in  the  cooler  at  Lucky 

eak  Nursery. 

This  report  describes  two  field-proven  snow  cache  systems,  and  tree  handling 
rocedures  compatible  with  them.  The  first  type  (the  pit  snow  cache)  is  essentially  a 
it  dug  in  a  suitable  snowbank,  filled  with  trees,  covered  over  with  snow,  and  insulated, 
it  caches  have  been  used  successfully  for  many  years  on  the  Payette  National  Forest  in 
daho,  and  elsewhere  in  the  Intermountain  Region.  The  second  type  (the  culvert  snow 
ache),  developed  by  Dave  Johnson  for  the  Payette  National  Forest,  utilizes  one  or  more 
arge  culverts  placed  on  site  in  the  fall  and  allowed  to  snow  in.   Early  the  next  spring, 
rees  are  placed  in  the  culverts  upon  arrival  from  the  nursery,  and  the  openings  are 
jesealed  with  snow.  This  technique  has  also  proven  successful  with  certain  types  of 
eedling  packages,  and  where  snowfall  is  adequate. 


^R.  A.  Ryker,  A.  K.  Dahlgreen,  D.  Johnson,  and  F.  E.  Morby.   Snow  cache  tempera- 
ares  suitable  for  storage  of  conifer  nursery  stock.   USDA  For.  Serv.  Res.  Note 
^T-181,  7  p.,  illus.   1974. 


STORAGE  AND  HANDLING  REQUIREMENTS 


Experience  in  the  Intermountain  Region  indicates  that  a  satisfactory  seedling 
storage  system  must  assure  that  temperatures  within  the  mass  of  trees  being  stored  are 
reduced  to  about  33°  to  34°F  in  a  short  time,  and  maintained  at  that  level  for  100  days 
or  more.   The  trees  should  not  be  disturbed  until  just  before  planting,  and  injurious 
influences  such  as  temperature  and  humidity  fluctuations  and  fungi  must  be  excluded  or j 
suppressed  by  adequate  snow  barriers.  Trees  should  not  be  subjected  to  serious  stress 
while  in  transit  from  the  nursery  or  after  removal  from  storage. 

Properly  located,  designed,  and  protected  snow  caches  meet  these  storage  require- 
ments. Adherence  to  the  handling  techniques  described  will  minimize  stress  and  "shockj 
during  transportation  and  preplanting  handling. 


CACHE  LOCATION  AND  PLANNING 


The  general  location,  timing,  and  coordination  considerations  vital  to  good  storage 
management  are  equally  applicable  to  pit  and  culvert  caches. 

The  exact  snow  cache  location  should  be  selected  in  the  fall,  particularly  if  a 
large  volume  of  trees  will  be  stored.   The  site  should  be  convenient  for  the  transporta- 
tion to  be  used,  and  adequate  snow  must  be  available  when  the  trees  arrive.  A  preferred 
location  is  a  level  area  in  open  shade  on  a  gentle  northerly  slope.   However,  the  north 
side  of  a  stand  of  tall  trees,  or  the  north  side  of  a  building  is  satisfactory.   Location 
on  a  slight  rise  will  avoid  the  danger  of  flooding.   Locations  on  south  slopes,  depres- 
sions, or  under  the  dripline  of  trees  (fig.  1)  should  be  avoided. 

After  being  placed  in  the  cache,  it  is  very  important  that  the  trees  not  be  dis- 
turbed until  a  day  or  two  before  planting. 

Use  of  snow  caches  for  "temporary"  storage- -when  the  trees  are  shifted  from  cache 
to  cache  as  snowmelt  proceeds  to  higher  elevations--is  not  recommended.  This  practice 
almost  invariably  results  in  reduced  survival  and  poor  initial  growth  of  survivors. 
Severe  stresses  are  imposed  on  the  trees  by  rapid  and  repeated  temperature  and  humidity 
fluctuations  and  handling  injuries. 


s- 


-♦N 


Figure   1. --Locating  a  snow  cache. 

Site  1. .  .looks  good,   hut  could  he  had.     During  "periods  of  rapid  snoiimelt,  water  could 
accumulate  in  the   low  areas,   inundating  the   trees. 

Site  2... is  on  a  rather  steep  south  aspect.      Snow  accumulation  is   less,   will  melt  early. 

Site  3... is  a  long  and  very  steep  slope  prone   to  snow  creep  or  avalanche,   which  would 
dislocate  the   tree  cache. 


Site  4... is  an  acceptable   location,   particularly  if  an  avalanche  has  already  occurred 
on  the  adjacent  slope. 

I  Site  5... is  a  good  location.      Though  it  has  a  south  aspect,    the  slope  is  not  steep  and 
there  is  shade  from  the  existing  stand.      There  is  a  good  snowpack  and  good 
drainage . 

'^Site  6... is  ideal.     In  addition  to  having  enough  snow,   shade,   and  good  drainage,    it  is 
':        next  to  the  road,   facilitating  the  transportation  of  trees  and  the  equipment  to 
huild  the  cache. 


Preparatory  work  needed  the  fall  before  the  cache  is  to  be  used  varies.   For  a 
small  cache,  the  only  work  necessary  may  be  removing  large  debris  from  a  fairly  level 
area  (approximately  1  square  yard  per  thousand  trees  to  be  stored)  and  marking  the 
exact  cache  location  with  long  poles.   Tractor  work  to  clear  and  level  the  cache  area, 
prepare  turnarounds,  and  improve  access  may  be  required  for  a  cache  designed  to  hold 
several  hundred  thousand  trees.   Insulating  material,  other  supplies,  and  tools  may 
need  to  be  placed  near  caches  that  will  receive  trees  by  airdrop  or  snowmobiles. 

A  sketch  or  plan  should  be  made  of  the  cache  layout  before  construction  or  filling 
starts  to  assure  that  different  lots  of  trees  can  be  easily  removed  as  needed.   The 
plan  should  be  followed  closely  when  loading  the  cache  and  extracting  the  trees  for 
planting  to  avoid  unnecessary  disturbance  of  the  trees  and  conserve  time  and  effort. 
All  trees  to  be  stored  in  a  given  cell  or  culvert  section  should  arrive  the  same  day. 

Trees  should  be  placed  in  snow  caches  as  early  in  the  spring  as  possible.   This 
may  require  opening  roads.  Early  cache  construction  reduces  the  chance  of  exposure 
damage  to  trees  in  handling,  and  assures  an  adequate  volume  of  snow  to  bring  the  tree 
mass  temperatures  to  the  33°  to  34°F  range  and  maintain  them  there  as  long  as  necessary. 
Snow  is  more  easily  worked  before  its  water  content  is  increased  by  accelerated  melting 
late  in  the  season,  and  snow  lasts  better  when  its  water  content  is  below  40  percent. 

Close  coordination  is  essential  for  satisfactory  snow  cache  establishment.   The 
nursery  must  schedule  tree  delivery  to  the  cache  area  or  transfer  point  by  dependable 
truckers,  and  crews  and  equipment  must  be  ready  with  adequate  worktime  scheduled  to 
receive  and  store  the  trees.   Poor  scheduling  may  result  in  reduced  survival  and  growth, 
Weather  conditions  must  be  considered  if  travel  is  in  remote  areas  or  where  blizzard 
or  avalanche  conditions  are  present. 

The  number  of  trees  to  be  stored,  expected  storage  period,  and  snow  cache  location 
determine  the  amount  and  timing  of  work  required  for  cache  construction. 


THE  PIT  SNOW  CACHE 


The  storage  cells  in  the  pit  snow  cache  should  be  shoveled  or  plowed  out  not  more 
than  a  day  or  two  before  the  trees  are  delivered,   A  level,  firmly  compacted  snow  floor 
no  less  than  2  feet  thick  should  be  provided.   There  should  be  no  debris  between  the 
ground  and  the  floor  surface. 

Tree  packages  should  be  stored  in  rows.  The  length  of  row  needed  for  each  lot  of 
trees  should  be  calculated  and  shown  on  the  plan.   Packages  of  trees  should  be  stacked 
no  more  than  four  high.   The  rows  of  trees  should  be  at  least  1  foot  apart,  and  the 
stacks  of  packages  should  be  6  inches  apart  in  the  rows  to  hasten  cooling  and  provide 
circulation. 

Cooling  is  improved  and  removal  of  seedlings  made  easier  if  two  2  by  4's  are 
placed  on  edge  between  the  third  and  fourth  layers  of  packages  as  shown  in  figure  2. 
The  timbers  may  be  pulled  free  when  the  cache  is  opened,  making  it  much  easier  to 
remove  the  packages. 

Snow  should  be  shoveled  into  the  spaces  between  rows  and  st'acks  and  over  the  top 
of  the  packages.   Work  of  loading  and  shoveling  crews  should  be  coordinated  on  large 
projects  to  minimize  exposure  of  the  trees.   The  cache  must  be  closed  as  soon  after  it 
is  filled  as  possible. 


Figure  2. --Arrangements  of  packages  within  a  pit  oadhe.  There  should  he  at  least  2  feet 
of  snob)  between  the  ground  and  the  trees.  Rous  of  tree  packages  should  be  at  least 
1  foot  apart,   and  the  stacks  should  be   6  inches  apart  within  a  row. 


Kraft  paper  or  cardboard  box  seedling  packages  may  be  protected  from  snowmelt  by 
a  single  sheet  of  plastic  over  the  top  of  the  cell.  The  plastic  should  not  extend  down 
aroiand  the  sides  of  the  cell  because  this  could  reduce  circulation  and  cause  the  trees 
to  spoil. 

A  thick  cover  of  snow  can  be  dozed  onto  the  cache  when  enough  snow  has  been  shov- 
eled onto  the  trees  to  prevent  the  machine  from  crushing  them.   The  entry  to  each  cell 
of  trees  should  be  marked  with  long  poles,  and  snow  in  this  area  should  not  be  packed 
as  tightly  as  in  the  main  body  of  the  cache.   Entry  will  be  difficult  if  the  snow  is 
packed  hard  at  access  points  to  be  shoveled  open  in  the  spring.   A  powersaw  may  be  used 
to  facilitate  cache  opening. 

A  minimum  of  4  feet  of  packed  snow  should  be  provided  over  the  trees.  The  entire 
;ache,  and  an  area  of  snow  surrounding  the  cache  at  least  equal  in  width  to  the  total 
leight  of  the  cache  should  be  covered  with  a  4-  to  6-inch  layer  of  sawdust,  straw,  or 
shavings.   A  canvas  or  other  water  repellent  covering  should  be  placed  over  the  com- 
pleted cache  to  prevent  rain  from  accelerating  snowmelt  (fig.  3). 

Local  experiences  may  indicate  that  larger  masses  of  snow  are  needed  if  snow 
noisture  content  is  high,  available  insulation  materials  are  of  low  value,  or  if  storage 
LS  to  extend  beyond  raid- June.  The  snow  cache  needs  no  further  attention  except  an 
occasional  inspection  to  make  sure  the  snow  does  not  melt  away  in  thin  spots,  and  the 
:overing  is  not  removed. 

A  tarp  should  be  hung  over  the  opening  of  the  cache  after  it  has  been  opened  to 
)revent  heating  within  the  cells  (fig.  4) . 


Figure  2. — A  oompleted  oaohe  xoith  insulating  material  and  protective  covering  in  place. 
Properly  located  and  constructed  caches  remain  long  after  the  snou  on  surrounding 
terrain  has  melted.     This  cache  provided  satisfactory  seedling  storage  for  2-1/2 
months 3   until  mid- July. 


Figure  4. --An  opened 
cache  with  tarp  in 
place  across  the 
opening  to  prevent 
a  temperature  rise 
within  the  cache. 


THE  CULVERT  SNOW  CACHE 


The  culvert  cache  system  offers  several  advantages  over  the  pit  snow  cache.   Expen- 
sive plowing  through  deep  snow  is  not  necessary,  heavy  equipment  and  large  crews  are 
not  required,  and  trees  can  be  stored  economically  at  remote  locations.   Like  the  pit 
cache,  the  culvert  cache  is  suitable  for  either  large  or  small  volumes  of  trees.   It  is 
not  recommended  for  use  with  trees  packaged  in  open  crates  since  we  have  experienced 
serious  drying  when  using  this  type  of  package  in  culverts.  Tests  are  being  made  with 
perforated  culverts  in  an  effort  to  eliminate  the  drying  problem.   Good  results  have 
been  obtained  when  trees  in  polyethylene- lined  kraft  paper  bags  have  been  stored  in 
culvert  pipes. 

Suggested  locations  for  culvert  caches  are  heavy  snowfall  areas  and  sites  where 
large  drifts  accumulate  on  level  ground.  Natural  snow  accumulation  must  be  depended 
upon  for  cooling  and  temperature  maintenance. 

Pipe  culverts  to  be  used  for  caches  must  be  placed  the  fall  before  use.   Pipes 
5  feet  in  diameter  and  up  to  20  feet  long  are  reasonably  easy  to  handle  and  provide 
good  storage  and  working  space.  The  culvert  should  be  positioned  to  2  to  3  feet  above 
the  ground  on  logs  or  other  supports  to  permit  snow  to  accumulate  under  it  and  to  pre- 
vent surface  water  seepage  into  the  pipe.  The  pipe  should  be  blocked  up  at  intervals 
to  prevent  bending  under  the  snow  load.  A  system  of  stringers  on  log  supports,  spaced 
as  needed  to  support  anticipated  snow  loads,  (fig.  5)  has  proven  satisfactory. 

The  ends  of  the  pipe  should  be  marked  with  long  poles  to  facilitate  location  in 
the  spring.   Insulating  and  covering  materials  should  be  stored  in  the  pipe  or  nearby 
where  they  will  be  accessible  when  the  snow  is  deep.  A  ladder  is  often  useful  for  get- 
ting in  and  out  of  the  culvert--especially  in  areas  where  snow  depths  range  from  10  to 
20  feet. 

Tree  packages  can  be  transported  to  the  storage  site  by  snowmobiles  or  dropped 
from  aircraft  with  cargo  parachutes.   A  tree  pickup  crew  equipped  with  snowmobiles  must 
be  on  hand  to  retrieve  air-dropped  trees  and  transport  them  to  the  cache. 

Tree  placement  in  the  culvert  should  provide  for  air  circulation  to  maintain  the 
desired  temperatures.   Pieces  of  .2  by  4's  can  be  used  to  separate  packages  of  trees  in 
the  culvert,  or  crude  racks  can  be  provided. 

Entries  to  the  pipe  should  be  closed  with  snow  immediately  after  the  trees  are 
stored,  and  the  area  above  and  around  the  culvert  should  be  covered  with  protective 
materials  as  described  for  the  pit  snow  cache.   Snow  may  need  to  be  shoveled  over  the 
culvert  before  insulation  is  applied  if  snow  depth  is  marginal. 

Other  insulating  materials  may  be  available  for  retarding  snowmelt,  particularly 
where  handling  of  bulk  materials  is  difficult.   Initial  trials  show  that  a  "basket- 
weave"  arrangement  of  fiberglass  insulation  rolls  between  two  sheets  of  plastic  can 
effectively  slow  snowmelt,  and  may  be  reused  if  handled  carefully.   Special  care  must 
be  taken  to  assure  that  wind  and  gradual  changes  in  the  configuration  of  the  snow  mound 
'do  not  cause  the  insulation  to  shift,  permitting  rapid  snowmelt.  A  thick  layer  of  tree 
boughs  may  be  used  as  insulation  if  other  materials  are  not  available. 


Figure  5.--A  oulvert  pipe  positioned  2  to  2  feet  above  the  ground  on  log  supports  with 
stringers  to  prevent  bending.     Insulating  and  covering  materials  and  an  aooess 
ladder  are  placed  nearby.      Long  poles  with  flagging  mark  each  end  of  the  pipe. 


TREE  HANDLING 


Trees  should  be  given  a  preshipping  chill  in  the  nursery  cooler  to  reduce  temper- 
atures within  the  packages  to  38°F  or  less.  Trees  should  be  kept  refrigerated  while  in 
transit  from  the  nursery  to  the  snow  caches.  Temperature  fluctuations  in  the  tree     J 
packages  while  in  transit  to  caches  should  be  held  to  a  minimum.  1 

Temperatures  of  50°  to  75°F  with  relative  humidities  of  15  to  30  percent  are  common 
at  planting  sites  in  the  Intermountain  Region.  Trees  exposed  to  these  conditions 
shortly  after  removal  from  the  low  temperature-high  humidity  environment  of  a  snow 
cache  are  subjected  to  severe  stresses.   The  most  immediate  and  apparent  response  to 
this  is  wilting.   Eventual  responses  may  include  premature  needle  drop,  little  or  no   ■ 
bud  elongation,  or  death,  depending  on  the  severity  of  the  stress. 


Correct  handling  and  acclimatization  to  accustom  the  trees  to  the  approximate 
atmospheric  and  soil  conditions  prevailing  at  the  planting  site  will  reduce  or  elim- 
inate these  problems,  which  are  common  in  some  degree  to  all  other  storage-handling 
systems . 
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Trees  are  considered  acclimatized  when  root  zone  temperatures  in  the  packages  are 
at  or  near  general  soil  temperature  at  a  depth  of  8  to  10  inches  or  air  temperature, 
whichever  is  lowest.   Soil  thermometers  with  12-inch  temperature  probes  are  ideal  for 
measuring  both  soil  and  tree  temperatures. 

Trees  may  be  acclimatized  at  any  well-shaded,  protected  location  convenient  to 
both  storage  and  planting  areas.  They  must  be  covered  while  in  transit,  and  should  not 
be  exposed  to  heat,  sunlight,  or  drying  winds  until  thoroughly  acclimatized.   After 
acclimatization,  exposure  should  be  held  to  a  minimum  until  the  trees  are  planted. 
Trees  being  acclimatized  should  be  arranged  with  the  tops  exposed,  to  permit  free,  but 
gentle  air  movement  around  them.  A  tent  or  canvas  fly  is  often  used  to  control  air 
movement.   Surrounding  areas  should  be  kept  moist  to  reduce  stresses  while  the  seedlings 
are  adjusting  to  atmospheric  conditions. 

It  is  essential  that  an  abundance  of  water  be  in  close  contact  with  the  tree  roots 
during  the  acclimatization  period.   Standard  open-end  crates  contain  an  abundance  of 
moist  packing  material  that  allows  acclimatization  before  uncrating,  but  special 
handling  is  recommended.  This  special  handling  is  required  to  acclimatize  trees  packed 
in  bags  or  closed  boxes.  A  satisfactory  method  is  illustrated  by  figures  6  through  10. 

The  vermiculite  dip-burlap  wrapping  method  allows  acclimatization  to  be  completed 
and  the  trees  to  be  transported  to  the  planters  with  minimum  stress.  The  nail  must  be 
removed  and  the  burlap  loosened  slightly  to  permit  easy  tree  removal  when  the  package 
is  placed  in  a  planting  bag  or  tray. 

The  time  required  for  acclimatization  depends  on  weather  and  other  conditions  at 
the  planting  site,  but  usually  trees  prepared  in  the  afternoon  are  ready  for  planting 
the  next  morning.  The  trees  should  be  in  the  ground  within  12  to  24  hours  and  no 
longer  than  48  hours  after  the  start  of  the  acclimatization  process. 


Figure  6.— Step  1:   The 
roots  of  the  trees,   a 
handful  at  a  time,   are 
dipped  into  a  thick 
slurry  of  #4  horti- 
cultural vermiculite. 
This  coating  of  wet 
material  clings  to  the 
roots,   providing  mois- 
ture and  protection 
during  periods  of  expo- 
sure until  the  trees 
are  planted. 


m-'- 


Figure  7. — Step  2:  After  dipping ^   an  appropriate  number  of  trees  are  plac.  a 

by  30-inoh  piece  of  wet  burlap  so  their  root  collars  are  even  with  the   long 
edge  of  the  burlap  and  the  roots  are  parallel  to  its  short  axis. 


Figure  8.— Step  3:   The  burlap  is   then  folded  vo  cover  the  roots,    taking  care  not  to  bend 

the  roots  into  the  fold. 
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Figure  9. -Step  4:  Burlap  and  trees  are  then  rolled  firmly  from  one  end  to  the  other. 


^mt 


.^gure  10. -Step  5:   The  outer  end  of  the  burlap  is  pinned  in  place  with  a  2-1/2-inoh 

nail  or  other  device. 
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SUMMARY 


Properly  constructed  snow  caches  provide  a  good  temperature  and  humidity  regimen 
for  storage  of  nursery  stock. 

The  cache  site  should  be  convenient  for  the  transportation  to  be  used,  should  have 
adequate  snow  available  when  the  trees  arrive,  and  should  be  located  where  the  snow 
will  not  melt  too  soon,  making  it  necessary  to  disturb  the  trees  again  before  planting, 

Correct  design  of  each  storage  compartment,  or  cell,  assures  the  exclusion  of 
harmful  micro-organisms  in  the  soil,  and  maintains  the  low  temperatures  needed  to 
retard  life  processes  of  the  trees  and  the  development  of  any  harmful  organisms  that 
might  be  present  in  the  tree  packages. 

Construction  in  early  spring  favors  accumulation  of  a  large  volume  of  snow  of 
relatively  low  moisture  content  sufficient  to  promptly  reduce  and  maintain  temperatures 
just  above  freezing  for  an  extended  period. 

Appropriate  insulation  will  assure  retention  of  an  adequate  snow  mass  through 
midsummer  in  most  areas . 

Correct  handling  and  acclimatization  of  the  trees  to  the  atmospheric  and  soil 
conditions  prevailing  on  the  planting  site  minimize  stress  and  increase  survival  and 
first-year  growth  of  newly  planted  trees. 
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ABSTRACT 


Contains  910  sets  of  forest  fire  ecology  questions  mailed  to  the 
authors  by  302  land  managers  and  scientists  throughout  the  western 
United  States  and  western  Canada.  Questions  were  submitted  in 
response  to  a  survey  of  important  research  needs  for  understanding 
the  effects  of  fire  and  fire  exclusion  in  western  coniferous  forest 
ecosystems.  The  questions  cover  the  entire  spectrum  of  environ- 
mental parameters  affecting  and  affected  by  fire,  and  present,  col- 
lectively, a  compendium  of  candidly  expressed  research  needs.  A 
geographical  source  code  and  a  topical  keyword  index  permit  selec- 
tive searching  of  the  question  sets. 

OXFORD:  181.43:  436:  435:  432.3:  434 

KEYWORDS: fire  ecology;  fire  effects;  fire  exclusion;  fire  research 

planning. 


INTRODUCTSON 


Fire  interacts  with  all  environmental  parameters  in  coniferous  forest  ecosystems. 
It  exerts  direct  control  on  succession,  setting  it  back  to  earlier  stages,  perpetuating 
subcycles,  or  in  some  cases  setting  it  ahead.   Fire  is  thus  related  to  forest  community 
structure  and  composition.   It  is  also  related  to  the  rate  at  which  trees  grow,  their 
condition,  vigor,  and  resistance  to  insects  and  disease,  their  reproduction  cycles  and 
success,  and  their  distribution.   Energy,  moisture,  and  nutrient  systems  are  also 
related  to  fire,  as  are  micro-organisms,  soil-building  factors,  wildlife  population 
dynamics,  and  hydrologic  functions. 

Recognizing  the  pervasive  influence  of  fire,  and  citing  the  need  for  fuller  under- 
standing of  fire's  role  in  coniferous  forests,  the  Directorate  of  the  US/IBP  Coniferous 
Forest  Biome  established  the  Fire  Ecology  Project  in  1973  at  the  University  of  Montana, 
in  Missoula. 

The  project,  a  cooperative  effort  among  the  Coniferous  Forest  Biome,  the  Univer- 
sity of  Montana,  and  the  Intermountain  Forest  and  Range  Experiment  Station,  has  as  its 
objective  the  production  of  a  problem  analysis  on  the  natural  role  of  fire  and  its 
effects  in  western  North  American  coniferous  forests.  The  problem  analysis  will 
provide  the  basis  for  constructing  systems-oriented  computer  simulation  models  directed 
toward  solving  the  problems  delineated.  This  report  describes  the  first  stage  of  our 
problem  analysis  development,  a  questions  survey  conducted  by  mail. 


THE  QUESTIONS  SURVEY 


Ecological  systems  modeling  should  be  motivated  by  a  set  of  explicit  questions 
about  the  system.-^   Because  it  is  vital  to  identify  the  most  important  questions  to  use 
limited  research  resources  most  efficiently,  we  decided  to  ask  land  managers  and 
environmental  scientists  what  they  thought  were  the  most  pressing  needs  for  understand- 
ing fire's  role  and  its  effects.   In  July  1973,  we  initiated  a  survey  of  805  land 
managers  and  scientists  throughout  the  western  United  States  and  western  Canada.   After 
selecting  prospective  respondents,  we  simply  sent  them  letters  of  explanation  and  asked 
them  to  return  written  questions  about  fire  and  fire  effects.  We  received  almost  2,000 
questions  from  the  411  respondents  to  the  survey.  The  910  question  sets  from  302 
respondents  listed  here  were  compiled  by  combining  closely  related  responses,  and 
eliminating  duplicates  and  a  few  irrelevant  responses.   The  respondents  were  divided 
about  equally  between  land  managers  and  scientists. 

Our  procedure  for  selecting  prospective  respondents  was  designed  to  elicit  opin- 
ions from  the  broadest  possible  spectra  of  land  managers  and  environmental  scientists 
with  respect  to  geographic  location,  interest,  and  agency  or  institutional  affiliation. 
It  was  not  our  intent  to  determine  the   most  important  fire  ecology  question.   To  the 
contrary,  our  purpose  was  to  gain  the  broadest  possible  base  of  important  questions. 
In  general,  we  selected  potential  management  respondents  from  private  forest  industry 
firms  and  public  land  management  agencies.   Potential  scientist  respondents  were  from 
academic  institutions  and  Federal  Government  research  laboratories. 

For  most  land  management  employment  categories,  we  arbitrarily  selected  2  to  14 
land  managers  per  State  or  Province.   For  example,  we  decided  to  contact  six  State  fish 
and  game  managers  per  State.   The  widest  possible  geographic  distribution  among  six  of 
the  agency's  field  locations  in  each  State  was  then  sought,  and  the  supervisory  manager 
was  selected  in  each  of  the  locations.   With  few  exceptions,  the  448  land  managers 
selected  for  the  survey  were  unknown  to  the  authors.   The  only  employment  category  in 
which  truly  random  selection  of  managers  could  be  used  and  still  insure  wide  geographic 
coverage  was  the  U.S.  Forest  Service.   With  this  agency,  because  of  the  large  number  of 
managers  to  choose  from,  two  district  forest  rangers  were  selected  at  random  from  each 
of  93  National  Forests.  Table  1  shows  the  distribution  of  all  prospective  manager 
respondents  by  employment  category,  and  by  State  or  Province. 


^D.  W.  Goodall.   Integration  of  shrub  research  effort,  p.  435-439  in  Wildland 
shrubs- their  biology  and  utilization.   USDA  For.  Serv.,  Gen.  Tech.  Rep.   INT-1.   1972. 


Table  1 .--Numbers  of  prospective  respondents  among   land  managers  in  13  western  States, 
2  Canadian  Provinces,   and  1  Canadian  Territory , 
by  employment  category  and  location 
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Alaska 

2 

4 

3 

1 

6 

2 

0 

18 
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2 

15 

3 

0 

6 
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2 

29 

California 

3 

30 
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4 
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15 
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1 

6 

2 

2 

33 
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0 

3 

0 

1 

5 

2 

0 
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Oregon 

3 

19 

5 

2 

6 

3 

1 
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3 

1 

0 

3 

0 

0 

9 
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0 

12 
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1 
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3 

14 

5 

5 

6 
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3 
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20 
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39 
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24 


17 
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or 

and  Wildlife    : 
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:      Total 
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Managers     : 

industry 

:     Foresters 
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British  Columbia 

fukon  Territory 


11 

14 

0 


25 


14 

11 

1 


26 


28 

31 

1 


60 


Because  scientists  are  typically  grouped  in  laboratories  and  not  widely  distributed 
across  any  given  geographic  area,  the  emphasis  of  our  scientist  selection  criteria  was 
on  research  subject  diversity.  We  wanted  fire  ecology  questions  from  the  most  diverse 
environmental  science  audience  possible. 

We  included  scientists  from  widely  separated  government  and  academic  research 
facilities  throughout  the  study  area  (giving  fairly  wide  geographic  distribution),  and 
purposely  selected  scientists  whose  research  specialties  and  interests,  collectively, 
covered  the  full  range  of  environmental  parameters  affected  by  fire.  Many  of  the 


scientists  were  known  to  us  through  their  publications  or  previous  correspondence. 
The  distribution  of  scientists  by  State  or  Province  and  by  employment  category  is  shown 
in  table  2.  The  few  scientists  located  well  outside  the  study  area  are  individuals 
known  by  reputation  to  have  fire  research  interests  and  experience  with  western  coni- 
ferous forests. 


Table  2 .--Numbers  of  prospeative  respondents  among  scientists  in  1?  States  and 
6  Canadian  Pvovinoes,   by  employment  category  and  looation 


State 


Academic 
research 


Forest 

Service 

research 


Fish  and 
Wildlife 
Service 
research 


National 

Park 
Service 
research 


Miscel- 
laneous 
research 


Total 


UNITED  STATES 


Alaska 

3 

9 

2 

Arizona 

9 

13 

4 

California 

8 

7 

8 

Colorado 

13 

6 

15 

Hawaii 

1 

0 

0 

Idaho 

6 

8 

7 

Michigan 

2 

0 

0 

Montana 

25 

23 

6 

New  Mexico 

1 

1 

2 

Nevada 

3 

1 

0 

Oregon 

10 

9 

10 

South  Dakota 

1 

3 

0 

Texas 

1 

0 

0 

Utah 

6 

9 

11 

Washington 

16 

4 

8 

Wyoming 

0 

1 

2 

Wash.,  D.C. 

0 

1 

0 

0 

14 

3 

30 

0 

28 

0 

35 

0 

1 

0 

21 

0 

2 

0 

55 

0 

4 

0 

4 

0 

29 

0 

4 

0 

1 

0 

26 

0 

29 

0 

7 

0 

1 

105 


95 


75 


15 


291 


Province 


Academic 
research 


Forestry 

Service 

research 


Wildlife 

Service 

research 


Total 


CANADA 


Alberta 

10 

British  Columbia 

12 

New  Brunswick 

1 

Ontario 

0 

Quebec 

1 

Saskatchewan 

1 

9 
10 
0 
3 
0 
0 


16 
2 
0 
1 
0 
0 


35 
24 
1 
4 
1 
1 


25 


22 


19 


66 


Following  final  selection  of  the  805  prospective  respondents,  each  was  assigned  a 
response  code  number,  and  was  thereafter  known  to  us  only  by  that  number  and  by  State/ 
Province  and  vocation  (scientist  or  land  manager)  code.   Only  the  project  secretary 
knew  both  an  individual's  name  and  code  number.  Thus,  each  respondent  and  his  agency 
or  employer  were  assured  of  anonymity.   None  of  the  question  sets  in  this  report  are 
attributable  to  specific  individuals  or  agencies. 

Our  letters  to  prospective  respondents  asked  that  they  submit  questions  dealing 
only  with  the  biological-physical  role  and  effects  of  fire  and  fire  exclusion,  but  some 
responses  dealt  with  other  aspects  of  fire  management.  These  responses,  and  some 
generated  by  the  authors,  are  included  in  this  preponderantly  ecologic  effects  report. 
The  question  sets  have  been  subjected  to  minimal  editing  to  preserve  the  general  style, 
flavor,  and  candidness  of  the  original  responses. 


HOW  TO  USE  THIS  REPORT 


The  question  sets  are  identified  and  grouped  only  by  State  or  Province,  and  are 
numbered  consecutively  from  1  to  910.   The  example  below  illustrates  the  format: 

172.   02   130.   WHAT  ARE  THE  DIFFERENCES  IN  LITTER  AND  ACCUMULATION 
RATES  (BY  KIND  OF  LITTER  MATERIAL)  BETWEEN  BURNED-OVER 
SITES  AND  AREAS  FROM  WHICH  FIRE  WAS  EXCLUDED?   WHAT  SPECIFIC 
DECOMPOSER  ORGANISMS  ARE  INVOLVED?  HOW  DO  THE  DIFFERENCES 
IN  RATES  CHANGE  WITH  HABITAT  TYPE,  SPECIES  COMPOSITION, 
STAND  AGE,  DENSITY,  ETC.?   HOW  DOES  FERTILIZATION  (ESPECIALLY 
WITH  N  AND  Ca)  AFFECT  LITTER  ACCUMULATION  RATES  (BY  KIND  OF 
LITTER  MATERIAL)  BETWEEN  BURNED-OVER  SITES  AND  AREAS  FROM  WHICH 
FIRE  WAS  EXCLUDED?   WHAT  SPECIFIC  DECOMPOSER  ORGANISMS  ARE 
INVOLVED?   HOW  DO  THE  DIFFERENCES  IN  RATES  CHANGE  WITH 
HABITAT  TYPE,  SPECIES  COMPOSITION,  STAND  AGE,  DENSITY,  ETC.? 
HOW  DOES  FERTILIZATION  (ESPECIALLY  WITH  N  AND  Ca)  AFFECT 
LITTER  ACCUMULATION  (NET)  UNDER  UNDISTURBED  STANDS? 
MANIPULATION  COMPARISON,  FIRE  EXCLUSION,  LITTER  DECOMPOSITION, 
FUEL-BIOMASS  ACCUMULATION,  MICROORGANISMS,  SPECIES  DIVERSITY, 
DENSITY,  AGE,  NUTRIENTS. 

The  number  in  the  left  margin  is  the  set  number   (1  to  910).   The  middle  two-digit 
number  is  the  State/Province  code  (see  tabulation) .   The  three-digit  respondent  code, 
located  to  the  right  of  the  State/Province  code,  is  the  same  for  all  question  sets 
submitted  by  an  individual  respondent.   Thus,  the  three  sets  in  this  report  bearing 
respondent  code  130  were  submitted  by  one  respondent  in  Idaho.   The  respondent  codes 
are  given  here  only  to  show  the  continuity  that  sometimes  exists  between  two  or  more 
question  sets  from  a  given  respondent.   The  sets  having  State/Province  code  "00"  and 
respondent  code "000"  originated  either  in  the  project  office  or  in  locations  outside 
the  western  States  and  Provinces  shown  in  the  tabulations.   In  the  example,  the  10 
terms  following  the  last  question  mark  are  descriptors,  or  keywords,  that  characterize 
the  question  set  and  correspond  to  the  keywords  in  the  Index  and  Vocabulary.   Appro- 
priate keywords  are  appended  to  all  of  the  question  sets  in  the  report. 


Geographic  Searching 

To  find  the  group  of  question  sets  from  a  particular  State  or  Province,  simply 
find  its  two-digit  code  below,  then  turn  to  the  appropriate  section  of  the  report.   All 
of  the  question  sets  are  listed  in  increasing  order  of  the  State/Province  code  numbers. 


Project  Office 

00 

Washington 

01 

Idaho 

02 

Montana 

03 

South  Dakota 

04 

Oregon 

05 

Wyoming 

06 

California 

07 

Looation 

Cod. 

Nevada 

08 

Utah 

09 

Colorado 

10 

Arizona 

11 

New  Mexico 

12 

Alaska 

13 

British  Columbia 

14 

Alberta 

15 

Ontario 

17 

Topical  Searching 


The  question-set  list  is  followed  by  a  keyword  vocabulary  list  and  a  keyword 
index.  To  use  the  report  for  topical  searching,  one  should  look  in  the  vocaL  .lary 
section  for  the  desired  keywords  and  then  consult  the  Index  for  all  question-set 
numbers  listed  under  the  selected  keywords,  and  flip  through  the  body  of  the  report 
until  the  desired  question  sets  are  located.   The  keywords  "experiment  oriented  question" 
indicate  the  authors'  belief  that  the  question  is  especially  oriented  to  field  or 
laboratory  experiments. 


COMMENTS 


The  primary  purpose  of  the  Questions  Survey  was  to  provide  a  broad  input  base  to 
our  problem  analysis.   In  the  second  stage  of  the  problem  analysis,  to  be  reported 
elsewhere,  we're  using  the  questions  in  another  way.   The  responses  are  synthesized 
into  fire  ecology  problem  areas  and  ranked  as  to  their  research  importance  by  two 
panels  of  expert  land  managers  and  scientists  by  the  Delphi  method. ^  Perhaps  the 
greatest  value  of  the  responses  is  through  sharing  them  with  other  land  managers, 
administrators,  environmental  scientists,  students,  and  the  general  public.  We  believe 
the  question  sets  collectively  express  the  most  important  needs  for  understanding  the 
ecologic  effects  of  fire. 

The  reader  who  is  familiar  with  the  literature  will  recognize  that  answers  to  some 
of  the  questions  do  not  really  require  more  field  research  because  a  considerable  body 
of  literature  already  exists.  Here  we  have  a  case  of  poor  information  diffusion  from 
research  to  on-the-ground  ecosystem  managers.   In  other  cases,  the  questions  require 
information  discovery  since  very  little  literature  exists.   Here,  discovery  may  require 
fieldwork  with  concurrent  simulation  modeling  to  guide  and  integrate  the  field  research 
inquiries . 

The  practicing  land  manager  may  note  striking  similarities  among  question  sets 
from  different  geographical  areas,  suggesting  that  only  a  handful  of  basic  principles-- 
modified  by  climate,  species,  and  geographic  factors--are  at  work.   The  administrator 
may  wish  to  compare  specific  problems  among  land  managers  throughout  his  area  of 
interest.   The  senior  or  graduate  student  in  resource  management  or  environmental 
research  programs  will  find  among  these  question  sets  many  real-world  problems  worthy 
of  earnest  effort. 


^J.  Pill.   The  Delphi  method:  substance,  context,  a  critique  and  an  annotated 
bibliography.   J.  Econ.  and  Soc.  Plann.  Sci.,  5:5771.   1971. 


Many  of  the  question  sets  are  oriented  toward  fire  ecology  as  a  basic  ecological 
science,  while  others  are  oriented  toward  using  fire  as  a  management  tool  to  control 
some  specific  biological  organism  or  process.   A  large  number  of  the  respondents 
identified  information  needs  from  an  organism  orientation;  few  focused  directly  on 
ecological  principles.   Still  fewer  focused  directly  on  natural  fire  in  a  community- 
ecosystem  behavior  context.   This  is  particularly  evident  in  the  question  sets  on 
animal  organisms,  compared  to  the  virtual  absence  of  inquiries  on  fire  effects  in  food 
web  structure  and  dynamics  in  coniferous  forest  seres. 

We  suggest  that  environmental  scientists  can  benefit  by  studying  these  research 
needs  with  the  "mirror"  concept  in  mind.   With  this  concept,  each  scientist  should  read 
the  expressed  needs  for  information,  understanding,  and  prediction  ability,  from  the 
perspective  of  his  own  particular  specialty.   He  should  then  be  able  to  "read  between 
the  lines"  to  see  what  the  solution  of  any  given  need  would  require  from  his  environ- 
mental specialty.  Using  the  "mirror"  concept  and  "questioning"  should  be  an  ongoing, 
daily  activity  for  every  scientist  so  that  his  investigations  are  problem-centered  and 
don't  become  means-centered.^  Even  though  seeking  the  best  questions  to  ask  is  an 
infinite  activity,  a  systematic  logging  and  analysis  of  research  needs  must  begin 
somewhere.  This  list  is  a  beginning--a  "snapshot  in  time,"  possessing  questions  of 
variable  quality.  We  hope  it  will  be  both  useful  and  stimulating  to  those  doing 
research  in  the  broad  spectrum  of  fields  relating  to  fire  ecology. 


^A.  H.  Maslow.  Motivation  and  personality.   Chap.  2,  in:    Problem  centering  vs. 
means  centering  in  science.  Harper  and  Row,  New  York.   1970. 


QUESTION  SETS 


1.  00    000    CONSIDERING  PIONEER  PLANT  SPECIES,  WHOSE  SEED 

DISPERSAL  RANGE  IS  LIMITED  BY  WING,  CAN  CHANGES  TN  THE 
AREAL  EXTENT  OF  COWN  BURNS  AFFE'^T  THE  RATE  OF  S'^CONOARY 
SUCCESSION  THROLGHOUT  THE  RURNEH  ATA'' 
S EEC, 0 I SPE RS I CN, SUCCESSION, MOSAIC ♦CROWN  PU^N 

2.  CO    000    00  DIFFERENT  CONCENTRATIONS  CF  WOOD  SmqkE  FCQh' 

VARIOUS  GRASSt  SHRUB,  T^.EE,  OR  OUFF  TYPES  HAVE  AM 
ALTERING  EFFECT  ON  THE  LIGHT  SATURATION  LEVFL  FOP 
PHOTOSYNTHESIS  TN  PIFPER-NT  TREE  SPECIES''  SMOKE 
EFFECTS, ORGAN, PfinnuCTIVITY,PXPERIHEM  ORIENT'-O  OUESTTON 

3.  00    000    00  VARIOUS  CONSTITUENTS  OF  WOOD  SMOKE  EVER 

INTERFERE  WITH  THE  PHYSIOLOGIC  i^ESPCNSE  "^F  GUARD  C^LL*^ 
CONTROLLING  STOMATE  BEHAVIOR  ON  ANY  TREE  SPECIES  TN 
WESTERN  CONIFEROUS  FORESTS?    SHO^E 
EFFt;CTS, ORGAN, PPODUCTIVITY,  FXPERIf'FNT  ORIENTED  OUESTTON 

«f.   0  0 


5.  00    OCC    DOES  WOOO  SMOKE  CONCENTRATION  AND  OEPOSITTPN  ON 

THE  N^STS  OF  ANY  SPECIES  OF  BIROS  HAVE  AN  INFLUENCE  OM 
THAT  BIRD  SPECIES*  SUBSEQUENT  BEHAVIOR  WITH  PEGAPP  TO 

THE  NEST?   (ASSUME  NO  FI^E  AROUND  THE  NEST  AREA, ^NLY 

ACVECTED  WCOO  SVOKE.)    S^OKE 

EFFECTS, BIRD, ORGANISM, EXPERIMENT  ORIENTED  OUESTION 

6.  00    000    HOW  00  YOU  MANAGE  ^^IRf^  TO  AFFECT  REAP  FOOT 

RESOURCES?   WOULD  THIS  CHANGE  THE  B'^^R    POPULATION 
ANYWAY?    GAME  ANI MAL , HERBTVCRY , POPUL ATION 

7.  00    OCO    HOW  no  YOU  MANAGE  TO  MAXIh'I^E  AESTHETIC  DIVERSITY 

0<^  FOREST-FLOOR  HERBS''  (AESTHETIC  DIVERSITY  DEFTNEP  AS 
SCATTER  IN  A  SPACE  WITH  THREE  OIMEN^^IONS  RE°pFSFNTTNG 
FLOWER  COLOR  SPECTRUM,  FLOWER  HEIGHT,  AND  FLOWEPING 
DATE.)  (I  SUGGEST  YCU  TAKE  THE  ••S^'ALL  WATERSH-O",  <rlGnn 
ACRES,  AS  THE  SPATIAL  UNIT.)    AESTHETICS 

8.  CO    000    HOW  ^UCH  RAIN  13  NECESSARY  TO  RIMSE  ALL  CH«^MTCAL 

FIRE  RETAROANT  OUT  OF  THE  CPCWN  OF  CONIFERS  TN  VARIOUS 

STZ-  CLASSES?    CHEMICAL  RETAPDANT 

EFFECTS, HYCPOLOGY, CROWN, ORG AN, EXP EP I MENT  ORIENTED 

OUESTION 

9.  00    000    IS  IT  POSSIBL"^  THAT  WITH  NATUPAL  FIRE  FRFOUENCY 

THE  FUEL  LOADS  AWAY  FROM  THE  STREAM  WERE  KEPT  PEL'^TIVELY 
LOW,  SUCH  THAT  INTENSITIES  OF  FIRES  WERE  NOT  USUALLY 


GRtflT  ENOUGH  TO  IGNTTE  THE  STREAM  BANK  VEGETATION?  --BUT 
WITH  FIRE  EXCLUSION,  INC°EASEO  FUEL  LOATS  WILL  L'^AO  TO 
GREATER  INTENSITIES  OF  FIRE,  WHENEVER  IT  DO«^S  OCCUR, 
SUCH  THAT  THE  INTENSITY  WILL  EXCEED  A  THR'SHOLO  VALUE 
NECESSARY  TO  IGNITE  RIPA?IAN  VEGETATION  ANn  thEP>^Bv 
REMOVE  THE  STREAM  CCVER?    FIRE  FREOIJENCY,  F  IRE 
nEHAVIOR,STPEAM,FUEL/'^IOMASS  ACCUMUL A TION, POPULATION 

10.  00    000    IT  IS  OFTEN  H'LO  THAT  FIRE  INCREASES  TM"^ 

CONCENTRATION  OP    AVOILAHLE  ^'UTRIEKTS  IN  THE  SUPFflCF 
SOIL.  IS  THIS  EFFECT  MO'E  HARMED  IN  HAROWOOOS  THAN 
SOFTWOODS,  AND  IS  IT  ALSO  MORE  PRCNOUNC^D  ON  HIGH  PASE 
STATUS  SOILS  THAN  ON  LOW  RAS-  STATUS  SOILS? 
NUTPIENTS, SOIL 

11.  00    3CC    UNDEP  WHAT  CIRCUMSTANCES  WOLLP  A  SINGLE  FI^E,  0" 

OTHER  PERTURBATION  SUCH  AS  NUTRIENT  ENRICHMENT,  CHCKG^" 
THE  CLIMAX  ON  A  ^ARTICULAR  SIT!^''   (YOU  MIGHT  CCNSTPFR 
THIS  IN  TWO  PARTS!  FIRST,  WHAT  SITE  VAPIA^^LE  MUST  Y?i) 
KNOW  TO  PREDICT  CLIMAX  IN  THE  APSENCE  OF  PIPE?  SPCCNr, 
WHICH  OF  THESE  COULP  BE  PERMANENTLY  CHANGED  RY  A  SINGL"^ 
PERTURBATION  OF  THE  RIGHT  KINC)    =^COSYSTE^,  SUCPE^^'^ION 

12.  00    000    UND'^P  WHAT  CONDITIONS  CCULD  FIRE  SUPPRESSION  CN 

FORESTED  SLOPES  ACCELERATE  AOUATIC  SUCCESSION  IN 
ADJACENT  LOWLAND  WATER  BODIES,  flNH  SUBSEOUEMTLY 
ELIMINATE  WATERFOWL  HABITATS?    PIPE 
EXCLUSION,  TCPCGPAPHY,  AOllATIC,  SUCCESSION,  BI^t,  ECOS  >STE»^ 

13.  00    OOC    UNDER  WHAT  CONDITIONS  MIGHT  THE  BASES  OF  «^NAGS  ACT 

AS  ^EFUGIA  FOR  THE  PIONE£R  FOPBS,  BECAUSE  OF  TNCPEASED 
SOIL  MOISTUPE  FROM  <=:NAG  INTERCEPTION  AND  STEM  FLOW? 
SNAG,ECOSYST£M,SOlL-WflTEP  REL  AT T ONS  ,  M IC^^OCL  IM ATE ,  CROWM 
BURN 


Ik,       00 


000    WHAT  COULD  BE  TH-  EFFECT  OF  CHANGES  IN  THE 
OUANTITY  OF  CHARCOAL  ON  THE  SOIL  SURFACE,  AS  SEEN 
GER'^TNATTON  AND  SEETLING  SURVIVAL  OF  DOUGLAS- FIR'' 
CHARrnaL,MlCRCCLIMATE,ORGANISM,oFF!?nnuCTIO^J 


IN  TMP 


15.   GO 


000    WHAT  COILD  BE  THE  EFFECT  OF  CHANGING  Tw=^ 
PROPORTION  AND  POSITION  OF  CRCWN  BURNS  IN  A  WATERSHED, 
AS  S'EN  IN  THE  DEPTH  OF  THE  NOCTURNAL  INVERSIONS  TN    THE 
TRIBUTARIES  AND  THE  V^iLOCITY  CF  THE  NOCTURNAL  CANYON 
WIND  OUT  OF  THE  WATERSHED? 
MOSAIC, MO  PTALITY, MI CROCLTMATE, CROWN  BUPN 


16.  00    OCO    WHAT  t^VIDENCE  IS  TH£PE  TO  INDICATE  THAT  IPON 

MOBILIZATION  HAS  BEEN  INCREASED  AS  THE  RESULT  OF  TNTEVSE 
FOREST  FIRES  IN  HUMID  FOREST  AREAS'  SO  TL  ,  EL  EME^' T*^ ,  FT  PF 
BEHAVIOP 

17.  00    OCO    WHAT  IS  THF  EFFECT  OF  CCVFRING  VARIOUS  TpFE 

SPECIES  WITH  EIRE  RETAROANT  (A»'»'ONTUM  PHOSPHATE'')  AS 
SEEN  IN  THE  PHOTOSYMTHESIS  RATF  OF  THE  TREE'S  CROWN  AS 
A  UNIT?    CHEMICAL  c^tARPANT  EFFpctS, 
CROWN, PRODUCTIVITY, ORGAN, EXPERIMENT  ORIENTED  OUESTTCN 
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18.  00    000    WHAT  IS  THE  EFFECT  OF  RUNCFF,  HEAVY  WITH 

NUTRIENTS,  FROM  A  BURN  INTO  A  HIGH  MOUNTAIN  LAKF,  A'^ 
OBSERVET  IN  THE  FISH  POPULATION  AND  OTHER  AOUATTC  LIFE 
IN  THE  LAKE?    NUTR IE  NTS , L AKE , FIS H , FO PUL A TT ON 

19.  00    OOC    WHAT  MIGHT  BE  THE  EFFECT  OF  A  CHANGE  IN  SNAG 

DENSITY  AS  SEEN  IN  THE  MAXI^*U^'  GRCUND-^URf ACF  tntepFACE 
TEHP^RATURE  IN  FOST-CROWN  FIRE  ENVI  RONM^^NT? 
SNAG, MICRCCLIMATE, CROWN  BURN 

20.  03    000    WHAT  HIGHT  BE  THE  EFFt^CT  OF  CHANGES  IN  LITTER 

ACCUMULATION  AS  SEEN  IN  RODENT  SEED  CACHING  PATTERNS  AND 
THE  REGENERATION  OF  SHRUBS?    PUEL/BI  CN-ASS 
ACCUf^ULATICN,  FIRE  EXCLUSION,  L  I  ITER  ,  SEEO,  SMALL 
MAMMAL, P0PULATION,SHRUBLANO,REPR0CUCTION 

21.  00    OOC    WHAT  MIGHT  BE  THE  EFFECT  OF  CHANGES  IN  THE 

INTENSITY  OF  A  FIRE,  AS  OBS^RVE'^  IN  THE  DENSITY  OF 
VIABLE  SEEDS  IN  THE  SOIL  AND  THE  DENSITY  OF  SOIL 
ARTH-'OPOOS,  ESPECIALLY  CARAf^mS?    FIR"^ 
B EH AV 10 R.SEcO, ARTHROPODS, POPULATION, SOIL 

22.  00    000    WHAT  MIGHT  BE  THE  EFFECT  OF  CHANGING  FIRE 

FPEQUENCY  AND  INTENSITY,  AS  SEEN  IN  THE  FUEL  LOAD  ON  A 
SIT^"?  UNDER  WHAT  CONDITIONS  CAN  FIRES  CAUSE  AN  INCPEASE 
IN  FUEL  LOADS?    FUEL/DIOMASS 

ACCU'"«ULATICN,  FEPRODUC  HON,  MOR  TALI  T  Y  ,  DECOMPOSI  TTON,  SUCCES 
SIGN, FIRE  FREQUENCY, FIPE  DEHAVTCR 

23.  00    000    WHAT  r^GHT  BE  THE  EFFECT  OF  FIRE  EXCLUSION  CN 

INSECT  POPULATION  DYNAMICS,  WHOSE  p£PRODUCTTvE 
ACTIVITIES  ARE  TRIGGERED  BY  FIRE  EVENTS?    FIRE 
EXCLUSION,  INSECT, PQpULA TIO N, REFRODMCTTON 

2**.   OG    000    WHAT  '"IGHT  P£  THE  EFFECT  OF  INCREASING  THE  LITTER 
AND  DUFF  LAYER  THICK^NESS  BENEATH  A  PONOEROSA  ^r^E 
CANOPY,  AS  SEEN  IN  THE  ^OISTUPF  REGI'^EN  IN  TH^ 
UNDERLYING  ►'INERAL  SOIL?   IS  IT  POSSIBLE  "^OR  THE  LITTEP 
LAYER  TO  SHORT-CIRCUIT  THE  FLOW  OF  H0I<^TUpE  TO  TOEE 
ROOTS?   HOW  DRY  MUST  THE  ROOTING  ZONE  REMAIN  BEFOPE  NO 
NET  ANNUAL  GROWTH  IN  THE  TREE  SYSTEM  OCCURS?   DOES  TREE 
TISSUE  WATER  STRESS  INFLUENCE  FL  AMM  A8ILI TY''    fipp 
EXCLUSION, LITTEP, FU^L /PI OM ASS  ACCUMULATION, SO IL -WATER 
RELATIONS,  RCO TS, POPULATION, PRODUCT  I VI TY 

25.   00    000    WHAT  ''IGHT  3E  THE  EFFECT  OF  SNAG  DENSITY  P"'  THE 
MELTING  RATE  0^  THE  SNOW  PACK  IN  TH^-  SPPINC    C'CWN 
BURN, SNAG, CENSITY, HYQROL OGY , SNOW 


26.   GO    000    WHAT  MIGHT  BE  TH^  EFFi^CT  OF  VARIOUS  DEGREES 
DUFF  REMOVAL  AND  MI  KER  AL  I Z  ATI  CN ,  AS  SEEN  rH    th=- 
EMERGENCE  OF  VARIOUS  PLANT  SPECIES  FROM  THE  SOIL'' 
L  I  TTf^R,  REPRODUCTION,  VEGETATION,  POPULATION 


OF 


27.   00    000    WHAT  PRfCEDURES  A^E  RFCCMMEkoi^O  FOR  PORO'^ITY 

ASHED  ORGANIC  SURFACES?    EXPFpIMENT 
ASH, SOIL  STRUCTURf^ 


000  WHAT  PRfCEDUl 
DETERMINATIONS  OF  , 
ORIENTED  QUESTION,, 
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28.  00    118    WHAT  WOULH  HAPPEN*  IF  IN  FOPFST  TVprs  OTHEP  THAM 

PONCEROSA  CINE*  CONTROLLED  OUPNING  (CROWN  FTP^I  °PtCEDEn 
HARVEST?   THIS  WOULH  BE  TONE  TO  ELTHTNATE  ALL  OF  THE 
DRESEKT  POST-LOGGlNn  TREflTMc-NTS,  PEC'MAOS.   ALTHOUGH  SOME 
TIMBER  MIGHT  RF  LOST,  S0M£  RECUCET  IN  QUALITY,  WOULT 
TOTAL  ANO  LONG-RANG"^  COSTS  AND  RENFFITS  3E  MORE  QP  LESS? 
MANIPULATION  COMPARISON 

29.  00    051    CAN  WE  EVENTUALLY  ACCOPFLISh  MOST  OF  CUP 

OBJECTIVES  FRC^  BURNING  IN  CONFERCUS  FO=>ESTS  WITM  LOW 
INTENSITY  FIRES?   A'=E  SOME  HIGH  TNTEmsTTY'  FIPES 
NECESSARY?   MAYB^  THE  BEST  PIRF  IS  ONE  WITH  A  WIOF 
VAPIETY  OF  INTENSITIES.    FIRE  T NTENSITY ,MAN IpUL ATT CN 
COMOflPicoN,f^XPFRlMENT  ORIENTED  QUESTICN 

30.  00    051    FOR  NAXIMLM  EST  ABL  ISH'^ENT  ANO  SURVIVAL  Oi^  MEW 

TREES  FOLLOWING  A  BURN,  HOW  WISE  IS  IT  TO  PESEED  PUFNS 
WITH  GPASS?   PRESENTLY,  THE  •'ORTALTTY  IS  V=^RY  HIGH  AK"^  I 
SUS°ECT  THAT  COV^^ETITION  FROM  GRASS  HAS  A  LOT  TO  HO  WITH 
IT.    COMMUNlTY,COMPETITION,RFPROrunTTON 

31.  00    051    HOW  CAN  nOUGLAS-FTR  CO^r'UNITIES  PE  BUpneO  A^n 

STILL  PESEEn  THEMSP'LVES  NATURALLY?    REPROPUC  TION  ,  SEEO 

32.  00    051    HOW  no  MICROENVIRCNMENT  CHANGES,  CAUSFH  BY  FIR<^, 

ENHANCE  PIR£-LOVING  SPECIES  SUCH  AS  ASP'="N  ANT  MANY 
SHPUBS?    EXPERIMENT  CPIENTFD  OUESTTON 

33.  00    351    HOW  ESSENTIAL  IS  ^IRE  IN  CONTROLLING  THE  BOUNHARY 

BETWEEN  FORESTS  AND  GPASSLANCS? 
SUCCESSTON,ECOT0NE,M0SAIC,GPASSLflNn 

3tt.   00    051    WHAT  IS  THE  RCLE  OF  FIRE  IN  THE  VARIOUS  L0nGFP0L'=' 
PINE  COMMUNITIES?   CAN  FIRE  BE  USFO  TO  CHANGE  TH«^ 
CO»^POSITION  OF  THESE  CC^MUNITIES  TO  ENHANCE  WILCLTFE 
FORAGE?    COMMUNITY, SHRUB  UNOERSTCRY, HEpp AGE 
UNOERSTORY, PRODUCTIVITY 

35.  00    053    CAN  THE  FUNGUS  pORIA  WEIRII,  WHICH  CmUSIS  ^^OOT  pOT 

IN  OCUGLAS-FIR  AND  WHICH  EXISTS  IN  DEAD  ^OOT  Mar^RIAL  IN 
THE  SOIL  AND  ATTACKS  ROOTS  OF  LIVING  TRF-S,  BE  DESTPOVEn 
BY  USE  OF  FIRE?    FUNGUS  ,  R  DOTS  ,  SO  IL  ,  ORGA  NI S*^ 

36.  OC    053    DOES  FIRE  SUPPRESSION  INCREASE  OP  OECPEaSE  LEVELS 

OF  OISZASE  AND  INSECT  PESTS  IN  ^OPEST  F'^O YS^STEMS? 
FIRE  EXCLUSION, DISEASE, INSECT 

37.  30    Q53    HOW  APE  LEVELS  AND  TYPES  OF  SOIL  MICPOQpG ANISE'S 

AFFECT'^D  BY  FIRE?  DCES  OCCASTCNAL  LOW  INTENSITY  f^URMMG 
INCREASE  SOIL  MICROBIAL  ACTIVITY  AND  ALLOW  FOR  RETENTION 
OF  NUTRIPNTS  IN  THE  ECOSYSTcp,  QR  ARE  THE  "ELEASED 
NUTRIENTS  LOST  TO  RUN  OFF  AMD  DEEP  PERCOLATION? 
MICROORGANISM, FIRE 
INTENSITY, NUT R I  EN TS,HYnPOLOGY, COMMUNITY 

38.  00    053    HOW  MUCH  DO  FOREST  "^IPPS  CONT^^IBUTE  TO  GENi^PAL 

LEVELS  OF  AIP  POLLUTION  IN  COMPARISON  TO  INDUSTRIAL 
SOURCES  OF  AIR  POLLUTIONS?    ATP  POLLUTION 
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39.   00    053    WHAT  EFFECT  DOFS  FIRF  AT  vaRYTNG  INTEMSITT"^S  HAVE 
ON  LEVELS  OF  FOLIAGE  DISEASES,  "OCT  DISEASES  AND  INSECT 
DFST  POPULATICNS?    FIRE 
INTENSITY, DISEASE, CROWN, ROOTS, INSECT, POPULATION 

kO,       00    05^    DOES,  OR  HAS,  FIRE  MAINTAINED  THE  HISPUTED 

"CLIfAX"  POSITION  OF  PQPULUS  TOEMULCIDES  IN  AREAS  OF  TH£ 
GREAT  BASIN?    SUCCESSION,  PECIOUCUS  FOREST 

^♦1.   00    35*»    HOW  DOES  FUEL  FLAMMA9ILITV  CHANGE  ALONG 

LATITUDINAL  OR  ECOLOGICAL  GRADIENTS  WITHIN  THE  RANGE  OF 
PINUS  PONDEROSA,  P.  HONTICOLA,  LARIV  OCC IDENT AL TS, 
PSEUQOTSUGA  MEN7TESII  (AND  OTHER  SPECIES!'' 
FLA^^MABILITY,CONTINLUM 

kZ,       00    151*  IS  THE  BAFK  THICKNESS  GREATER  IN  THE  PROGENY  OF 

TREES  THAT  SURVIVED  IN  PERIODS  WHEN  FIRE  WAS  FPEOUFNT 
(FOR  EXAMPLE,  P.  PONDEROSA  TREES  NOW  OVEP  100  VRS.  CLO) 
THAN  IN  PROGENIES  OF  TREES  NOW  REFRCDUCTIVEL Y  MATURE 
(50-60  YRS.)  THAT  HAVE  NOT  BEEN  SUBJECTED  (I.E., 
UNSELECTEO)  TO  PERIODIC  FIRES''   IN  OTHER  WOPOS  HAS  THERE 
3EEN  A  CHANGE  IN  THE  GENETIC  STRUCTURE  OF  THE 
POPULATIONS  IN  THIS  CHARACTERISTIC  IN  TWO  GENERATIONS? 
HEAT  EFFECTS, FIRE  FREQUE NCY , STEM , GENETIC 
RESPONSE, POPULATION 

U3.   00    ^5U  NON-WETTAOLE  SOILS  ARE  KNOWN  TO  OCCUR  WMrpr 

NON-WETTABLE  SUBSTANCES,  DEPIVED  FROM  PLANTS  AND  PLANT 
LITTER,  ACCUMULATE  IN  THE  SOIL:  THEY  ARE  AFEECTEn  PY 
SOIL  TEMPERATURES  IN  VARIOUS  WAYS  TURING  f^IRES.   THE 
PLANTS  ON  SUCH  SITES  CONTAIN  THESE  CHFMICALS  APPARENTLY 
•BECAUSE  THEY  ARE  OF  SELECTIVE  ADVANTAGE  TO  THESE  PLANTS, 
AND  FIRE  MAY  RE  PART  OF  THIS  SYSTEM.   WHAT  ARE  THE 
PLANT-FIRE-SOIL  RELATIONSHIPS  THAT  FAVOR  THE  PRODUCTION 
OF  THESE  COMPOUNDS?   IN  WHAT  WAY  IS  NON-WET^ABLE  SOIL 
(INDIRECTLY  FIRE  IN-^UCED)  OF  SELECTIVE  ADVANTAGE  TO  THE 
SHRUB  S=»ECIES  GROWING  ON  THESE  SITES?    SOIL-WflT^P 
RELATIONS, FTR£  BEHAVIOR 

i*k,       00    05't    WHAT  ARE  THE  RELATIVE  FUEL  FL  AMABIL  IT  lES  OF 

CONIFEROUS  SPECIES  IN  WESTERN  FCRESTS  AND  HOW  ARE  THESE 
VALUES  RELATED  TO  THEI"  SUCCESSIONAL  POSITION 
(EAPLY-SUCCESSICNAL,  MID-SUCCES SIGNAL, 
LATE-SUCCESSIONAD?    FL  AMmARIL  ITY,  SUCCFSSTON 

<*5.  00  05<t  WHAT  IS  TH^  CORRELATION  BETWEEN  FLAMHABTLITY  AND 
THE  FREQUENCY  OF  FIPES  THROUGHOUT  THE  RANGE  OF  A  GIVEN 
SPECIES?    FLAMHABILITY,FIRE  FPFOUENCY 

'♦e.     00       218       what   is  the  pr08arili"fy  that  douglas  fir  on 

••fire-maintaineh"  sites  will  peach  harvestable  maturity, 

AND  HOW  DOES  IT  COMPARE  TO  PINE?    FIPE 
EXCLUSION, ECO  SYSTEM, success  I  ON, PRODUCTIVITY 

k7,        00    560    HOW  CAN  WE  PPEDICT  THE  EFFECTS  OF  A  HOT  GPOUNP 
FIRE  FOLLOWING  A  CPCWN  FIRE  ON  SOIL  FERTILITY?  WHAT 
DEGPEE  OF  STERILITY  WILL  OCCUR,  IF  ANY?    HTAT 
EFFECTS, FIRE  EFFEC TS, SOIL , NUTRIEN TS , F IRE  INTENSITY 


<+8.   CO    56Q    WHAT  AR  t  THE  "CONOMIC  TRAPF-OFF  VALUFS  OF  LFAVING 
NESTING  TREFS  FOR  VARIOUS  WILDLIFF  SOECIFS  IN  TI^RE" 
SAL^S,  CONSIDERING  SOME  0^  THES^  NE'=:TING  TPEES  MAY  "E 
niSEASE-D  OR  BE  INFESTED  /<ITH  INSECTS?    ECONOMIC 
EFFECTS, BIRO, SMALL  KAMMAL, INSECT, HUMAN 
')ISTURBANCF,OIsrAS^ 


U9.   01    036    WHAT  EFFECT  PCES  FIRE  IMENSTTY,  SI7E  AMD 

FREQUENCY  HAVE  ON  LAKES  IN  VARYING  TROPHIC  STATES 

(PROOUCTIVITY  OF  DIFFERENT  LAKE  CC^'MUNITT'"S  0"^  FTS", 

PLANKTON  ANH  B«^NTHOS)  ANO  IN  DIFFERENT  WATERSHEDS 

(DIFFERFNT  WAT^R  AND  NUTRIENT  RUDCETS)"    FIRE 

INTENSITY,  Acc/;  SIZE,FIPr 

FREQUENCY, LAKE, PRODUCT  IV  IT Y,WATERSHEO,HYnROLOGY,NMTRI' 

S 


NT 


50.  01    T3e    WHAT  EFFECT  DOES  FIRE  I  NT ENSI TY , SI ZE ,  FRrQUEKCY 

ANO  CHANGE  IN  OETRITAL  ACCU'^UL ATICN  HAV^  ON  ORGANIC  AN" 
INORGANIC  SUBSTRATE  COMPOSITION  AND  MTNEC>ALT7  AT  ION  IN 
30TTCM  SEDIMENTS  OF  LAK^S?   A)  IF  CHANGES  OCCUR,  WILL 
THE  VARIATIONS  BE  RELATED  TO  FROPCRTICNS  ANH  DIFFEPENCES 
IN  AVAILABILITY  OF  CARPON  AND  NITPCGEN  IN  VARIOUS 
ORGANIC  SUBSTRATES?   B»   HOW  CO  CHANGES  IN  THE 
AVAILABILITY  OF  OPQANIC  NITPQGEN  LI^^IT  Tmt  UTILISATION 
OF  CARBON  COMPOUNDS?    FIPE  I  M'NS  I  TY  ,  ARE  A  SIZE.FIP^r 
FREQUENCY, FUEL  REDUCTION , LAKE , NUTP I ^N IS 

51.  ai    J37    00  THE  "ASHBED  EFP-CTS"  OF  BURNING,  SO  WELL  KNOWN 

IN  AUSTRALIA  ANO  NEW  ZELANO  OCCUP  IN  WEST<"RN  NORTH 
AMEPicA?    EXPERIMENT  ORIENTtr  QUESTION 

52.  01    037    DOES  THE  EXCLUSION  OF  FIRE  RESULT  IN  TOXTC 

ACCUMULATIONS  ANn  CONTRIBUTE  TO  MORTALITY  OF,  FOP 
EXAMPLE,  REnwOOnS?    FIRE 
EXCLUSION, ALLELOPATHY, MORTALITY 

53.  01    337    THE  FIRST  NEED  IS  TO  OEFINf  fl  MORE  0°    LESS 

STANCARO  METHOD  OF  MEASURING  FIRE  INTENSITY,  IN 
PARTICULAR,  AND  OTH-^R  PEHAVIOR  CH  ARAC  TEPIST  ICS  . 
EXPERIMENT  ORIENTED  OU^-STTON 

5^.   01    037    HOW  DOES  FIRE  INFLUENCE  THE  MICROCLIMATE  AND  MOPE 
SPECIFICALLY  THF  ENERGY  lUOGET  AND  t^AT^R  RALANCF  OF  A 
SITE  AND  SO  THE  REGENERATING  rPQO?    MICPOCLIMATr 

55.   CI    037    UNDER  WHAT  C IFCUMS T ANCES  AN^  "URNING  CONDITIONS  TS 
SLASH  r>'JRNING  AN  ECOLOGICALLY  AND  '^CONC'ICALL Y 
JUSTIFIABLE  METHOD  OF  SITE   PREPARATION  -  IN  T^RHS  C^ 
'ROSION,  SOIL  NUTRIENT  STATUS,  SEEDLING  OEVEL  OPMFh'T , 
PEPCENT  SPE'^IES  DEVELOPMENT,  CROP  ECONOMICS''    FUEL 
PE DUCT  I  ON, SOIL  EROST ON , NUTP IE  NTS, pEDRODljrT I  ON , ECOSYSTEM 


56.   01 


038    DOES 
NUTRIENTS 


EIRE  INDUCE  FTXATICN  OF  "OTASSTUM? 


57.   01    038    DOES  FIRE  INDUCE  FORMATION  OF  CONCPFTIQNS  ON 
NODULES?    SOIL  STRUCTURE 
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58.   01 


59.   01 


')38    HAS  FIRF  fl^^Y  EFFECT  ON  NUTRIENTS  RELEASE  F''C^^  THE 
COLLOIDAL  FRACTION?    NUTRI'"NTS 


60.   01    03«    THE  PHENCt^NON  IS  KNOWN  TO  OCCUR  AS  PFS'ILT  OF 
FIRE,  nUT  WHAT  ARE  THE  CONDITIONS  FOR  iNOUriNG 
HYOROPHORICITY  IN  THE  SOIL?    FIRE  INTENSITY ,  SOTL-WAT^-R 
RELATIONS 


61.   CI    0^8    WHAT  IS  THE  EFF-CT  OF  FIRE  ON  COLLAPSTM^ 
EXPENOABLt  MINERALS  SUCH  AS  VER^ICULITF  OR 
MONTVOPILLCNITE?    SOIL  STRUCTURE 


OF 


62.  Ql    Qi*Q  IN  SfALL  MAMVAlS,  THE  PETRUCEWIC7  EFF-^CT  SAYS  THAT 

SEVERE  ALTERATION  Of    THE  ENVIRONHCNT  WILL  CAUSE  A  dx<;c 
IN  THE  REPRODUCTIVE  PATE  THROUGH  A  WEAKENINF,  OF  SOCIAL 
CONTROLS.   HOW  IMPOPTANT  IS  THI«:  E'^F^CT  IN  th- 
POPULATION  DYNA^'ICS  OF  MAMPALS  IN  ENVIRONMENTS  WHICH  APE 
3URN=^n  OV^R?    SMALL 
MAMMAL,  REPRODUCTION, POPULATION,  ANIMAL  Pf^HAVIOR 

63.  CI    OUf;    WH-N  A  SPPOUTING  SHPU^  IS  '?LPN£D,  THERE  AR^  TWO 

EFFECTS:  --  A  MECHANICAL  GIRTLING  WHICH  TNHUCE*^ 
SPROUTING,  ANC  THE  FERTILIZATION  FPCM  THE  ASH.   HOW  MUCH 
IS  EACH  OF  THESE  INVOLVED  IN  THE  FRE-AND  p0ST-pU°N 
NUT^^IENT  QUALITY  OF  THE  FO^^AGF'' 
SHRURLANO, ORG AN, NUTRI ENTS  ,  A SH 

6«+.   31    0^2    WHAT  KINDS  OF  FIPE  ORODUCE  HYOR  CPHOBICI TY  IN 
SOILS?   HOW  DOES  TE^'PERATURE  RELATE  TO  THE  ^F-'TH  or 
HYDROPHORICITY?   HOW  DOES  FIPE  Ai^FFrT  SOIL  STRUCTUPp? 
CAN  THESE  PFLATIONSHIPS  BE  QUANTIFIED?    SOIL-WATi^:? 
RELATIONS, FIRE  INTENSITY, SOIL  STRUCTURE 

65.  Gl    3!*3    HOW  AND  TO  WHAT  DEGREE  AP£  KFV  dROCES^-S  QP 

NUTRIENT  H0=«ILI7ATICN/IMM0BTLIZATT0N  AFFECTEn  BY  POpEST 
FIRFS  OF  DIFFERENT  KINDS  AND  INTENSITY''   fKEY  PPDCFSSES 
DETNG  CHEMICAL  SOLUTION  AND  FIXATION,  HTOLOGTCAL 
MINERALIZATION  AND  UPTAKE,  AND  TRANSFER  •'ECHANIS'^S  OF 
THE  MAJOR  NUTRIENTS  (N,p,K,CA)  WITHIN  TH£  SOILS)   HOW 
LONG  DC  THESE  EFFECTS  LAST  AND  WHAT  APE  THE  CON^EOU^Nrcs 
FOR  LONGTERM  ( SUCCE SS  ION AL  ,  EROSIONAL)  PROCESSES,  CP  HOW 
00  THE  PARAMETERS  FOR  NUTRIENT  pEHAVIOP  MOO^'LS  VARY  WITH 
ECOSYSTEM  CEVELCPMENT?    FIpE 
INTENSITY, NUTRIENTS, SUCCESSION, SOIL  EROSION 

66.  01    0'+3    HOW  AND  TO  WHAT  DEGREE  IS  THE  ^^UFF^^R  CAPACITY  IN 

THE  FOREST  SOIL  FOR  NUTRIENT  CONSEPVA  HON ,  POLLUTA^'T 
RETENTION,  AND  WATEP  STORAGE  AFFECTED  Bv  FI^ES  0^ 
DIFFERENT  KINDS  AND  INTENSITIES?    FIPE 
INTENSITY, KU TP I FNTS, SOIL -WATER  RFLATI CNS 
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68.  01    *)'♦«    APPROPRIATE  FPEOUENCY  D ISJOIPUTIONS  HAVE  NFVFP 

BEEN  DEVELOPED  "^0^  "^ORFST  FTpp  OHONCMENAt  CONSEOIIENTLY 
IT  HAS  NOT  BEEN  °OS^IBLE  TO  CCMPARF  TIME  PE°IOf^S  C  TMf 
EF^ECTS  OF  FIRE  CONTROL  ACTIVITIES.   A.   WHAT 
MATHEMATICAL  FREQUEFCY  DI  STR  IBUTI  CN  (S  »  ARE  AP^pOpRI  T-T*^ 
FOP  SUCH  STATISTICS  AS  MU^'BERS  OF  YEAf^S  BY 
FIRE-OCCURRtNCt  AND  AREA-BURNED  CLASS,  NUHP'R  OF  i^I^ES 
BY  FIRE-SI7E  AND  R ATE-OF-SPRE AD  CLA«^S,  AND  THE  L^KF?   =. 
WHAT  TECHNIQUES  APE  VALID  FOR  fCMFARING  TTHE  PEPICDS, 
EFFECTS  OF  TREATMENTS,  ETC.''   C.   HAS  MODERN  '^IR'" 
CONTROL  SIGNIFICANTLY  ALTERED  THE  NATUPAL  Fio^r  prcTv-rKj? 
EXPEPIKENT  ORIENTED  DUES TION, FIRE  DENSITY, FIRE 
STATISTICS 

69.  01    0^8    CAN  POST-GLACIAL  FJPE  HISTOPv  BE  TRACED  HY  MfANS 

OF  CHARCOAL  CCUMS  FROK  LAKE  AND  "OG  SEDIMENTS'* 
EXPERIMENT  ORIENTED  OUt STION, FIRE 
FREOUENCY, CHARCOAL, LAKE 


70.   CI 


71.   01 


72.   Gl 


Ott^    DID  EXTENSIVE  FOREST  FiRfS  PESULT  FROM 
POST-GLACIAL  VOLCANIC  ACTIVITY  IN  THE  CASCADES'* 
£XPrRiMrNjT  DPIENTE'^  DUES TI  ON ,  VOLC  ANTC  FIRE.'^IPE  HISTOPY 


(PARTICULARIZE  3Y  TREE  SPECIE^.) 
TNSECT,PREDATION,MinROCLIMATE,P0PULATI0N 


TO, 


MOW  LARGE 
VALUE  A«^  A 
FOR  A  GIVEN 
PETARD^D 


1?5    FOR  GIVEN  POPULATION  DENSITIES  OF  EL  "^  AMD 

WHAT  ARE  THE  OPTIMAL  AREA  SIZES  AND  SHAPES  FOR 

CROWN-RUPN  SURRCUNCED  BY  UN°UPNED  FOREST'' 

MUST  A  CROWN-BUPNED  AREA  BE  TO  HAVE  LITTLE 

SUBSEQUENT  FOOD  SOUPCE  fqR  THFS^  ANIMALS'' 

POPULATION  r^ENSTTY,  DO  SMALL  BUPNS  DISPLAY 

ECOLOGICAL  SUCCESSION  PY  VIRTUE  OF  ^EING  OVf"P-Pc«nwSEB? 

WHAT  IS  THE  RELATION  BETWEEN  BU'N  STZF  AND  POPULATION 

DENSITY  WHICH  WOULD  CAUSE   THIS  PET  ApDATION''    GA^F 

ANIMAL,  POPULATION, AREA  SIZ^  ,  MOS A  IT ,CROWN 

BURN, HERB IV CRY, 
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73.   01    125    WHAT  ARE  THE  COMPAPARLE  EFFECTS  0^"    BROAOCAST 

BURNING  OF  LOGGING  SLASH  VS.  PILE- ANT-BURN,  AS  SEEN  IN 
ANIhAL  PREOATICK  ON  TREE  SEEDS  AND  TREE  REGENERATION? 
MANIPULATION  COMPARISON , SEED, ANIMAL S, pEPROOUCTT ON 

Tk,       CI    125    WHAT  ARE  THE  EFFECTS  OF  DIFFERENT  DEGREES  OF  FUEL 
CONSUMPTION  AS  SEEN  IN  THE  POPULATION  nvMAMirS  OF 
BURROWING  SMALL  MAM^'ALS'*    FUEL  REDUCTION,  SMALL 
MAMMAL, POPULATION 

75.  01    125    WHAT  IS  THE  EFFECT  OF  DIFFERENT  DEGREES  OF  FUEL 

CONSUMPTION  ON  ANIMAL  DAMAGE  TO  REGFNERATTNG  TREES  OF 
VARIOUS  SIZE  CLASSES  AND  SPECIES?    FUEL 
REDUCTION,  ANIMALS,  R'^PRODUCTICN,  SIZE  CLASS 

76.  01    125    WHAT  IS  THE  EFFECT  OF  DIFFERENT  DEGREES  OF  ^UEL 

CONSUMPTION  ON  DENSITY  OF  VIABLE  TREE  SEEDS  ON  THE  SOIL, 
IN  TERMS  OF  SEED-GATHERING  ROCENT  POPULATION  DYNA^^TCS? 
FUEL  RE nuCTION,SEED,REPR0nuCTION,FREnATT0N,SMALL  f-AMMAL 

77.  CI    125    WHAT  IS  THE  EFFECT  OF  DIFFERENT  SITE  CONDITIONS 

(SOIL  DEPTH,  STRUCTURE,  MOISTURE,  SLOPE,  EYPOSURE,  SOIL 
NUTRIENTS,  ETC.)  ON  VEGETATIVE  RESPONSE  OF  ANNUALS, 
FORBS  AND  SHRUBS  TO  DIFFERENT  PIRF  INTENSITIES''    FIRE 
INTENSITY,  HERBAGE  UNCERSTORY , SUCCESSION, CROWN 
BURN, SOIL, TOPOGRAPH T, NUTRIENTS 

78.  01    125    WHAT  IS  THE  EFFECT  OF  SLASH  DISPOSAL  RY  BURNING, 

AS  SEEN  IN  POOULATICN  DYNAMICS  CF  PIROS?    FUEL 
REDUCTION, BIRD, POPULATION 

79.  01    125    WHAT  MIGHT  BE  THE  EFFECT  CF  CHANGING  LEVELS  OF 

DEBRIS  CN  POPULATION  DYNAMICS  CF  GROUND-SURFACE 
WILDLIFE?   HOW  ARE  THESE  DYNA^'ICS  CHANGED  BY  A  FIRE, 
CONSIDERING  DIFFERENT  FUEL  LOADS  WILL  INDUC^"  IIFFERENT 
FIRE  RADIATION  INTENSITIES,  AND  CAN  P0SSI3LY,  THEN, 
CAUSE  DIFFERENT  SUCCESSIONAL  RE<^PCNSES  IN  THE 
VEGETATION?    ANIM  ALS  ,  POPULATION  ,  FUf^L /niO»^fl'?S 
ACCUMULATION, FIRE  I NTFNSITY, SUCCESSION 

80.  01    127    DOES  CONTROLLED  BURNING  PROCUCE  A  MEASURABLE 

EFFECT  ON  SNOW  ACCUMULATION,  SNCW^ELT,  AND  TIMING  AND 
MAGNITUDE  OF  PEAK  PUNOF^?    PRESCRIBED 
FIRE, SNOW, HYDROLOGY, STREAM 

81.  01    127    WHAT  IS  THE  EFFECT  OF  WILDFIRE  (OR  CONTROLLED 

BURNING)  ON  THE  CHEMISTOY,  TEMPERATURE,  AND  TURniDITY  OF 
WATER  FLOWING  FROM  THESE  AREAS  ANC  HOW  00  THESE  CHAMGi^S 
AFFECT  FISH  AND  OTHER  POPULATIONS?  HOW  LONG  DO  THE  A-^OVE 
EFFECTS  LAST  UNDER  COMPLETE  FIPF  EXCLUSION?    dRFSCRIBFD 
F IRE, NUTR I ENTS,MICRCCLIM ATE, STREAM, FISH, ECOSYSTEM 

82.  01    127    WHAT  IS  THE  EFFECT  OF  WILDFIRE  ON  SNOW 

ACCUMULATION,  SNOWMELT,  AND  TIMING  AND  MAGNITUDE  OF  PEAK 
RUNOFF?    FIRE  EFFECTS , SNOW, HYDROLO GY , STREAM 

83.  01    221    SUGGESTED  AREAS  OF  INOUIRY  AREt  A  COMPARATIVE 

STUDY  OF  WILDLIFE  IMPACTS  FRO^  LOGGING  WASTF  DISOOSAL  BY 
BURNING  VS.  NON-BURNING  METHODS.    MANIPULATION 
COMPARISON, FUEL  REOUCTI ON , ANI MAL S 
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Sk,        01    222    THE  PFLEAS!^,  flCCUMUL  ATT  CN,  CP  OESTRUrTION  OF 

SOIL-PLANT  NUTRIENTS  APPEARS  HITHLY  VARIABLE  WITMIM  fl 
BURNED  AP£A.   WHAT  ARE  THE  EFFECTS  ON  SUBSEOUENT  EFFORTS 
TO  KOOIFY  HABITAT  WITH  SELECTEO  PLANT  SPECIES'' 
NUTRIENTS, PLANTING 

85.  01    222    WHAT  ARE  THE  CONSEQUENCES  OF  HIGH  ELEVATION  f> 

'♦CflCM  '^UR^'S  ON  SUPSeOUENT  VEGETATION  SUCCESSION  WHEP*^ 
THERE  IS  A  SPARSE  S'^EO  SOURCE?   PRIMARILY,  WHAT  ARE  THE 
EFFECTS  ON  WILHLIFE'' 
SE EC, RE PRO  rue T I  CM, SUCCESS  I  ON, ANI^flLS 

86.  01    222    WHAT  ARE  THE  EFFECTS  OF  MAPALH  TYPE  SLASH  8UPNS, 

OFTEN  COVERING  lOQ  ACRES,   ON  RESIDENT  FAUNA?    FlPr 
INTENSITY, AREA  SIZ^, ANIMALS 

87.  Gl    22?    WHAT  EFFECT  OOFS  PRE-pURN  USE  OF 

VEGETATION-^ESSICATING  CHEMICALS  HAVE  O*^'  POST  RURN 
VEGETATION?    CHEMICAL  PETARQANT  EFt^ECTS,  SUCCESSTCN 

88.  01    222  WHY   ARE  GRASSES  (SEEDED  PY  NAN)  EHPHAST^eo  TN 

ROAPSTOE  OR  ACCTD«^  NTALL  Y  BUi^NEn  AREA  REVEGETA  TION ,  ^VN 
ON  AREAS  WHERE  GRAS'^ES  APE  PCNSinERED  DETPIMENTfiL  TC 
^EFO°- STATION  AND  PROVIDE  OQOR  WIL^^LIFE  ^'^OWS'^? 
PL  ANT  TNG,  COMPETITION,  ANI  MALS,  EvpcRI  h'ENT  O^IuNTEO 
OUESTION 

89.  01    226    ARE  THEPE  STpEAHS  WHERE  PRODUCTION  COULD  P'^ 

INCREASED  PY  FIRE  OF  THE  RIGHT  KIND  (I.E.,  NOT  LEAPI^•G 
TO  EXCESSIVE  EROSION  AND  STREAM  SILTATION  BUT  RELEASING 
NUTRIENTS  INTO  THE  STREAM)? 
STPEAM,ECOSYSTEM,FISH,NUTRIf^NTS 

90.  01    226    I  THINK  IT  IS  IMPORTANT  TO  EVALUATE  SHORT  rppy  amo 

LONG  TERM  EFFECTS  OF  FIRES  OF  DIFP£R£NT  INTENSTTTES. 
ONE  HOULO  EXPECT  A  CH!\NGE  IN  STREAM  PH,  FOP  EXAN'OLE, 
THAT  MIGHT  INITIALLY  REDUCE  STP^AM  PRODUCTION,  HUT  AT 
SOME  STAGE  OF  RECOVERY  ,  PRODUCTICN  MIGHT  n.«r  GREATER 
THAN  REFOPE  THE  FIP^^,  n^lPEN'^ING  ON  SOIL  COMPOSITTCN,  THE 
TYPE  OF  VEGETATION  BEFORE  Tme  FIPE,  ETC..    FIRF 
INTENSITY, PH, STREAM, PRODUCTIVITY 

91.  01    226    I  THINK  THERE  ARE  IMPORTANT  OUESTTONS  RELATING  TO 

FIPE  FIGHTING  THAT  NEED  TO  BE  "EXAMINED  MnRE  CLO-^ELY. 
APE  SOME  OF  THE  ^^IRE  RETARDANTS  ANH  SPRAYS  nAMAGINF,  TO 
t^ISH  PRODUCTION?   DO  THEV  Af^FECT  TH^^  FISH  DIRECTLY  WH^N 
THEY  ENTER  TH"^  WATER  OR  DO  TH^Y  AFFECT  t^ISH  POOD 
ORGANISMS?    CHEMICAL  PETARHANT 
EFFECTS, FISH, STREAM  ,1 NS- CT , PR OOUC T I  VI TY 

92.  01    226    IS  IT  POSSIBLi^  TO  USE  FIRE  TO  MAINTAIN  A  OtSIcABLE 

REGULATION  OF  DENSITY  OF  RIPARIAN  VEGETAL  COVEP  (E.G., 
WILLOWS  OR  ALDER)  WHICH  mighT  ENHANC^  PRODUCTION  IN 
STREAMS  WHERE  TERRESTRIAL  INSECTS  ARE  AN  IMPORTANT  POOD 
SOURCE  FOR  FISH?    EI  SH,  STR^"  AM  ,  VEGi^TA TION  ,  I NSECT 

93.  01    226    WHAT  IS  Th£  EFFECT  OF  A  CHANGE  IN  PUNOFP  PATTERN 

ON  THE  CARRYING  CAPACITY  OP  A  STREAM?   WHAT  IS  THE 
EFFECT  ON  FROCUCTION  OF  STREAM  CRIFT  ORGANISMS'' 
HYDRCLOGY, STREAM, PRODUCTIVITY 
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94.  CI    295    ARE  FIRE  SUPPRESSION  PRACTICES  ON  SLOPE  FORESTS 

ACCELERATING  AQUATIC  SUCCESSION  PROCESSES  AT  OPEN 

SUPALPINE  LAKE  SYSTEMS  WITH  IKPCRTANT  RECREATIONAL 

VALUE?    ECOSYSTEy»FIDE 

EXCLUSION, TOPOGR APH Y, SUCCESS  I CN,HYDROLOGY,LAKE,RECP EAT TO 

N 

95.  01    295    CERTAIN  MONTANE  LAKE  SIT^S  TN  OLYMPIC  NATIONAL 

PARK  HAVE  EVICEKTLY  REOUCED   POREST  LITTE"  ACCUMULATIONS 
OUE  TO  INTENSIVE  CAMPING  ANO  FTOEWGOO  GATHERTNG.   r-,:vEN 
INCREASING  RECREATION  TRENDS  WHAT  MIGHT  BE  THE 
ECOLOGICAL  EFFECTS  CF  LITTE^  REMOVAL  IN  MONTANE  ANP 
SUBALPTNE  SUBSYSTEMS?    oECRf^  ATIOS  tL  ITTER.  FUEL/PTOf^ASS 
ACCUHULATICN 

96.  01    295    DOES  FIRE  SIGNIFICANTLY  CR'^'AT^  SUnflLPINE  '^'^AOOWS 

IN  MCIST  CONIFEROUS  ECOSYSTEMS  SUCH  AS  THE  OLYMPICS'* 
GRASSLAND, SUCCESSION 

97.  31    295    WHAT  IS  THE  COMPOSITE  RCLE  OF  WILDFIRF  IN  "^CTST 

CONIFEROUS  SYSTEMS  SUCH  AS  OLYMCJC  NATIONAL  PARK?   WHAT 
MANNER  OF  "FIRE  POTENTIAL"  BASELINE  COULD  S-PVE  AS  A 
MANAGEM^'NT  TOOL  TO  GUIPE  AN  EFFECTIVE  70NATT0N  AMP 
SELECTIVE  CONTROL  OF  WILOFIpE,  CONSISTENT  WITH  THE 
••NATURAL  AREA"  AND  WILDERNESS  PCLICTES  OF  THE  NATIONAL 
PARK  SERVICE  IN  THIS  AREA?    GENERAL  FT^r  M/\NAG£MENT 

98.  CI    295    WHAT  IS  THE  RELATIONSHIP  IN  WILPERNE'^^t  "^OIST 

CONIFEROUS  SYSTEMS  OF  FIRE,  AND  OTHER  PERTUPB ANIONS 
(AVALANCHES),  TO  TH-  DENSITY,  DISTRIBUTION  AND  DYNAMICS 
OF  THE  UNGULATE  COMPONENT  OF  THE  SIC-1ASS  tROOS^VELT  ELK 
AND  3LACKTAIL  DEER)?   IN  LOGGED-OVpP  LANDS  THIS  HAS  BEEN 
STUDIED,  BUT  NOT  TO  MY  KNOWLEDG"^  IN  pRI'^Apy  S'JCC^S'^TOM 
CIPCUMSTANCeS  SUCH  AS  THE  LARGELY  UNO  ISTUPB'^^D  CRY 
HUMANS)  WET,  WESTSIPE  OF  OLYMPIC  NATIONAL  PApK, 
SNOW,FUEL/BIOMASS  ACCUMUL A TI CN , SUCC ESSION , G ftM E 
ANTh-AL,  POPULATION, MANIPULATION  COMFflPISON 

99.  Gl    390    ARE  SNAGS  BETTER  LEFT  STANDING  OR  DOWN  TN  AN  OLD 

BURN  WHEN  CONSIDERING  PROTECTION,  SPREAD,  INTENSTTY, 
ETC.  OF  A  SECONC  BU'^N?    SNAG  ,L  IGHTM  NG-C  AUSED  FIRE,FIPE 
FREQUENCY, MANIPULATION  COMPARISON , A  ESTHETICS 

IOC.   01    395    APPARENTLY  PQCSDL  SOILS  ARE  FOR^'FD  DU'^ING  FlPt. 
DOES  THIS  BREAK  DOWN  AFTERWARDS?   WHAT  EFTeCT  HAS  THIS 
ON  REGENERATION?    S0IL,FIPE 
EFFECTS.REPROCUCTI ON, MICROCLIMATE, FIRE  BEHAVIOR 

101.  01    395    CAN  SVOKE  FRON  WILDLAND  FTRc  BE  CONSIDER«^ri 

POLLUTION?    S'^OKE  EFFECTS, AIR  POLLUT  ION,  FIRE  EFFECTS 

102.  Gl    395    DOES  YARDING  CF  UNUTILIZED  MATERIAL  (YUM) 

SIGNIFICANTLY  PEDUC^  FIRE  POTENTIAL  AND  INTENSITY'' 
FUEL  REDUCTION, FIRE  INTENSITY 


103.   01    395    HOW  f-ANY  TONS  ARE  THERE  IN  A  THOUSAND  FEET  0^ 

REGULAR  SLASH  CONSISTING  OF  WESTERN  RED  CEDAR,  HFMLCCK, 
DOUGLAS  FIR,  SILVER  FIR,,  ETC?    FU^L/BIOMASS 
ACCUMULATION, COM FEROUS  FOREST, FUEL  REDUCTION 
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lOt*.   01    195    IS  FIP£  DAMAG'^  TO  A  STREAM  PERMANENT  OR  TrMPORAPy 
MOW  LONG  nOES  IT  TAKE  FOR  A  STREAH  TO  PEHOVFR?   WHAT 
ABOUT  LAKES?    VALUE  JUDGEMENT , ST"? AM, FIRE 
EFFECTStTIMING 

105.  01    395    IS  SLASH  BURNING  AN  AIO  OP  A  HINDRANCE  TO 

REGENERATICN?    PRESCRI3En  FIRE, FUEL 
DEDUCTION, P^PROOUCTTON 

106.  01    395    WHAT  CAUSES  FIRE  "WHIRL  WINCS"  OR  "FIPF  T^VTLS"? 

SOIL, FIRE  EFFECTS, FTPE  INTENSITY 

1G7.   01    395    WHAT  EFFECT  OCES  BURNED  OUFF  HAVE  IN  REGENERATION'' 
REPPOOUCTTCN,  FIRc:  E«^FECTS,  DUFF 

108.   01    395    WHAT  f^FFECT  DOES  FIRE  HOVE  ON  THE  DUFF  LAYER  IN 
R£GAPDS  TO  HARDENING  OR  «^LI^INATING  THE  LAYER? 
TUFT, FIRE  EFFECTS 


109.  01 

110.  01 


111.   01 


395    WHAT  MAKES  UP  SMOK«^?  ISN'T 
SMOKE  EFFECTS, AIR  POLLUTION 


SMOKE  MOSTLY  STrAM"* 


395  WHEN  BURNING  A  SLASH  UNIT,  LET  US  SAY  THE  FUEL 
TYPES  ARE  M.M.  HOW  MUCH  OR  WHAT  PERCENTAG«^  OF  TH"^  FUEL 
ON  THE  GROUND  IS  ACTUALLY  CONSUMED  BY  FTPE  UNQ^^R  K'OPMAL 
CONDITIONS?    FUEL  PEOUCTI ON, PRESCR IBED 

«^  I  RE,  LI  TIER,  DUFF,  COMMUNITY 

396  DOES  THE  BURNING  OF  WINDROWS  OR  PILEH  SLASH  IK 
CLEARCUTS  CAUSE  EXCESSIVE  SOIL  DAMAGE?   TF  SO,  DOCS  THE 
INCREASED  FUEL  HA7APC  PEOUCTICN  COMPENSATE  FOR  THF  LOSS 
OF  PRODUCTION  RESULTING  FROM  TH"^  SOIL  DAMAGE^ 
PRODUCTIVITY, SOIL , PRESCP I  BED  FIRE, FUEL 

RE  DUCT  I  ON,  PRODUCTIVITY,  FIRE  EFF^^CTS  ,N  UTOI^^NTS 


112.  01    396    HAVE  WILDFIRES  CREATFO  AND  MAINTAINED  H'JCKLEPER'^Y 

FIELDS?   WHAT  TYPE  OF  MANAGEMENT  IS  NEFD'^O  TQ  pcpofjUATE 
THE  HUCKLEBERRY-  CONTROLLED  BURNING-  SEL'^CT  LOGGING, 
ETC?   HOW  MUCK  SHADE  CAN  TH^Y  TOLERATE?    FTPE 
EXCLUSION, VEGETATION, GENERAL  FIRE 
MANAGEMENT, RECREATION, PUBLIC  REACTION, PPESCRIlEn  FTPE 

113.  01    396    IS  IT  BETTER  TO  PLANT  FIPE  SPECIES  (LAPCH 

PONCEROSA  PINE  CR  LCDGEPOLE  PIN«^)  ON  BURNED  CLEARCUTS  OP 
BURNS,  OR  IS  IT  BETTER  TO  PLANT  THE  SPECIES  HARVESTED  OP 
DcSTROYEH  (DOUGLAS  ^IR,  WHITE  FIR  OP  SPRUCE)? 
PLANTING, COMMUNITY, FIRE  EFFECTS, CONT^EPOUS  FOREST 

11^.   01    399    CO  LARGE  CUANTITIES  0^  ORGAM'"  MATERIAL  SUCH  AS 

CLEAR  CUT  SLASH  HAVE  DETRIMENTAL  CHt^MlCAL  EFFECTS  ON  THE 
SOIL?    FUEL/BIOMAS'^^ 
ACCUMULATICN,DECOMPCSITION,SOIL,NUTPI£NTS 

115.   CI    399    DOES  CONTINUEC  USE  OF  FIRE  IN  SLASH  DISPOSAL 

PEDUCE  SOIL  NUTRItNTS  AND  GRADUALLY  DEPLE"^f^  A  NATUPAL 
DEVELOPMENT  WITHIN  THE  SOIL?  IS  IT  BETTER  TO  LEAVE  ALL 
ORGANIC  MATEPIAL,  SLASH, DUFF,  ETC.,  FOR  NATURAL 
DECOMPOSITION  TO  BUILD  UP  SOIL  FERTILITY?    TIMING, FUEL 
REDUCTION, PPE SCRIBED 
FIRE, SOIL, NUTRIENTS, DUFF, LITTER, DECOMPOSITION 
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116.  01    399    DOES  PRESCRIBtD  RURNING  ON  ISCLATEO  PATCHtS,  SUCH 

AS  CLEARCUTS,  HAVE  ANY  SIGNIFICANT  IMPACT  ON  THE  OVERALL 
ECOLOGICAL  BALANCE  OF  A  GIVEN  AR^^A  -  E.G.  A  MUCH  LARGER 
AREA  THAN  THE  PURN  ITSELF?    PRESCRIBEO  Flpr, APEA 
SIZE, FUEL  REDUCTION, ECOSYSTFM 

117.  01    399    WHAT  CHANGES  IN  EFFECT,  IF  ANY,  ARE  THERE  "ETWEi^M 

CONTROLLED  BURNING  IN  THE  SPRING  AND  FALL  AS  NOW  OOKE 
AND  THE  NATURAL  FIRES  WHICH  IN  MANY  CASES  OCCURPEO 
DUPING  EXTREME  CONDITIONS''  IS  THERE  ANY  DETPIMENTflL, 
LASTING  EFFECT  ON  THE  CHEMICAL  PRCPERTIFS  OF  SURFACE 
WATERS  COMING  FROM  A  QURNEO  AREA?    PRESCRIBED 
FIRE, TIMING, FIRE  HISTOPY.FIPP  EFFECTS , ECOSYST EM 

118.  01 


119.  01    '♦00    IS  THERE  A  RELATIONSHIP  "ETWEFN  THr  AMOUNT  ANC 

KIND  OF  REVEGtTATION  AND  THE  TIPE  OF  YEAR  A  FIRE  OCCURS'' 
IF  A  FIRE  CCCURS  IN  JULY  OR  AUGUST  WHAT  IS  THE 
RELATIONSHIP  TO  ONE  THAT  OCCURS  IN  SEPTEMBEP  OR  OCTCQEP? 
FIRE  EFFECTS, TIMING, REPRODUCTION 

120.  01    <*00    WHAT  ARE  THE  FIRE  CHARACTERISTICS  IN  A 

DOZER-THINNED  STAND  OF  TIMB'^^R  {USING  A  THINNING  t^LACP)  , 
WITH  A  CRUSHER,  (TOMAHAWK)  ATTACHED  AND  WITHOUT  A 
CRUSHER,  AS  COMPARED  TO  AN  UNTHINNEO  STAND  OF  THE  SAM=- 
DENSITY  AND  SPECIES  COMPOSITION?    HUMAN 
OISTURBANCE,FIPE  EFFECTS, FIPE  I KT ENSITY, MANI^UL AT  TO K 
COMPARISON, DENSITY 

121.  01    1*01  WHAT  ARE  THE  EFFECTS  OF  VARIOUS  FIRE  INTENSITTFS 

ON  SOIL  STAf^ILITY  ON  STEEP  SLOPES  IN  HIGH  pAINFALL 
AREAS?  TCPO(RAPHY,SOIL  EROSIOK.FIRE  EFFECTS, FIPE 
INTENSITY 

122.  01    «»C2    HOW  MUCH,  IF  ANY,  IS  A  SITE  INDEX  CHANGED  BY  FIPE'' 

POPULATION  GROWTH, REPRODUCTION 

123.  01    '♦02    IS  IT  WISE  TO  FALL  SNAGS  IN  CLD  BU'NS?  DO  THEY, 

ONCE  FELLEC,  PROVIDE  NEEDED  SHADE  FOR  SEEDLINGS? 
SNAG, FIRE  EFFECTS, RE PRODUCT I ON, ECOSYSTEM 

12't.   01    <+02    WHAT  IS  THE  B^^ST  TIME  OF  YEAR  TO  BROADCAST  "URN 
CLEARCUTS  IN  ORDER  TO  GET  WELL  ESTABLISHED  CONIFEROUS 
PLANTATIONS?    TIMI KG , PRESCRIBEO  FIRE, FUEL 
REDUCTION, REPRODUCTION, PLANT! KG 

125.  01    '♦02    WHAT  IS  THE  COST/BENEFIT  RATIO  INVOLVED  WITH  "LET 

BURN"  POLICY  IN  ALPINE  TIMBER  TYPE*:,  E.G.,  IS  FTRF  LINE 
CONSTRUCTION  AND  RETARDANT  ♦^ORE  DETRIMENTAL  THAN  FIRE? 
CHEMICAL  RETARDANT  EFFECTS , ^CONOM IC 
EFFECTS, MOUNTAIN, HUMAN  DISTURB ANCE , FIRE  EFFECTS 

126.  01    '♦C3    WHAT  MIGHT  BE  THE  EFFECTS  OF  BURNING  ON  ELK 

CALVING  AREAS,  IN  REGARD  TO  HCW  LONG  ELK  WILL  STAY  OUT 
OF  AN  AREA  IF  THEY  DO,  OR  WILL  THEIR  PAST  HABITS  CHANGE 
AS  A  RESULT  OF  THE  BURNING  IMPACT?    EXPERIMENT  OPIENTED 
QUESTION, GAME  AMMAL,  REPRODUCTION  ,  DISPERSION,  ANI^-AL 
BEHAVIOR  21 


127.  31    SR?    HOW  DOES  THE  f^UPNI^jr,  OF  A  FCPEST  SIT?  AFFECT  THr 

ESTARLISHMENT  ANP  FARLY  GROWTH  OP  RET  ALOER?    FlPr 
EFFECTStOECIDUOUS  FOREST ♦ RF°ROnuC T ION » POPUL AT  ION 

128.  01    592    HOW  EFFECTIVE  ARE  HARnwOOO  STANDS  (PARTICULARLY 

RED  ALDERI  AS  FIRE  BREAKS?    CECICUO'JS 
'^ORESIfPLAHKARILITY, GENERAL  FIPE  PAMAGF^rMT , pqpuL ATIOM 

129.  CI    618    HOW  WILL  CONTROLLEO  RURNS  AFFrr^j  UMD^RSTOOY 

S°ECIES  COMPOSTIO*"  IN  PONOEROSA  FCRPST  nucREN^LY 
UNOERSTCRIEn  WITH  BITTER^RUSH  HUT  VERY  LITTLE  GpASS'' 
SHRUn  UNOERSTORYtCONIFEROUS  FOREST ,  PRFSCIf^Fn 
FIPE, SPECIE?  DIVERSITY 

13C.   01    Sl'1    IN  SOUTH  C-NTPAL  WASHINTTIOK  HOW  FR^^OUENTLY  SHOMLn 
°ONDEROSA  FINE  RE  SUBJECTED  TC  GROUND  FIRES  TN  OopFP  TO 
APPROXIMATE  NATURAL  CONDITIONS?    T  IMING  ,  FIf:>F 
FREOUEN'^Y, CONIFEROUS  POP  -  ST  ,  GROUNC  FIRE»  PRESCRIpED  FIPE 

131.  01    619    Din  NATURAL  FIRES  OCCURING  IN  THE  INT'^PIO" 

°0NCER0SA  pine  type  prior  TO  IMPOSITION  OF  FIPE  '"CK'^POL 
HAPPEN  WITH  ANY  DEGREE  0"^  REGULARITY''   IF  SO,  HOW  ppTE'') 
SHOULD  A  STANC  PE  PURNEO  TO  APPROVIMA^F  MATMPAL 
CONDITIONS?    FIRE  FREOUENC  Y  ,  FRESCR  l3i^D 
FIR-, TIMING, LIGHTNING -CAUSED  FIPE , COMMUN I T Y 

132.  01    619    DO  DIFFERENCES  IN  THE  SEASON  OF  BURNING  ANO 

INTENSITY  C^    A  BURN  CAUSE  AMY  VARIATIONS  IN  THE 
COMPOSITION  OF  UNDEPSTORY  M^G^J&JIC^    COMTNC  IN  A«^Tc'P  THE 
FIRE''   IF  SO,  CAN  SUCH  DIFFERENCES  PE  PREDTCTE'^  ^OP 
'lURNS  AT  niFFERENT  «^EASONS  AND  LEVELS  OF  INTENSI'^Y'' 
FIRE  EFFECTS, TIMING, PRE'=;CRTB'^D  PIPE  ,  SPFCI=^S 
DIVERSITY,  FIRE  TNT  ENSITV  ,  HERB  AG"^  LNDERSTORY  ,  SUCCES*^  TOH 

133.  01    619    WE  HAVE  NOT'D  A  TENDENCY  ^OR  NOXIOUS  WEEDS  SUCH  AS 

CANADA  THISTLE  AND  DALMATION  TOADFLAX  TO  INVADE 
FOLLOWING  FIRE  IN  THE  AREA.   ARE  THEPE  ANY  WAYS  TO 
HANDLE  CONTPOLL'^D  DURKS  TO  AVOID  THIS''    oQc^r^^Qjnm 
PIP- , COMPETITION, SUCCESSION, PIPE  EppECTS 

13i*.   31    621    CAN  CONTROLLEO  PIPES  TE  USEC  IN  SETTING  RAC^  PLANT 
SUCCESSION  TO  HAT^ITAIN  FOOD  AND  CCVER  AREAS  FOR  WILPLTFF 
AND  YET  RETAIN  COMPPROUS  PLOCKS  FCp  TIMnro  PRonuTTION? 
WHAT  SIZED  AREAS  ARE  ECONOMICALLY  FEASI^L^''    PPESCRIDED 
PIPE , SUCCESS  I  ON, ANIMALS, PPODUCTIVITY, APE  A  ST7r 

13^5.   01    621    WHAT  AOVEPS"^  EFFECTS  COULD  RE  ANTICIPATE^  PPOf* 

CONTROLLED  pIRP  ON  LANDS  THAT  APE  SURROUNDED  PY  A  SALT 
WATER  DAY  THAT  IS  A  RICH  ESTUARY  SUSTAINING  A  pICH 
SHELLPISH  CULTURE  AND  AOUATIC  VEGETAL  FOODS  FOP 
WATERFOWL  AND  OTHER  WILf^LIFE?   ^'Y  CONCP'xN  HER<^,  TS  RUN 
OFF  EFFECTS.   HOW  LARGE  A  FIRE  IT  WOULD  TAKE  TO  ppOCUCF 
ADVERSE  EPPECTS.    PRESCRIPFn  PIPE, AREA 
SI7c, NUTRIENTS, SOIL  EROSION, A0UATIC,BIPD, ANIMALS 


136.       Gl         6^1 

(\REAS 


COULDN'T    ROTH    WILf^LIFE     AND    TIMBER    BENEFIT     TN    SC^E 
^.v^r,.    IF    CERTAIN    TYPES    OF    FIRES    ARE    LEFT    TO    DUPN    AN^    "'OT 
IMHEOIATELY    SUPPRESSED    "AT    ANY    COST"''       I    HAVE    NO 
OBJECTICN"    TO    R£»^OVAL    OF    TIMBER,     PUT    COULDN'T    SO*^E     OP    THE 
OEAO    END    RCADS    PE    CLOSED    TO    VEHICULAR    TRAFFIC    AP-^ER 
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COMPLETION  OF  THE  SALE?   00  WE  NEED  A  ROAD  OU    (^VERY 
RIHGr  FOR  FTRE  SUPPPESSION''  IN  <;hORT,  I  FF^L  Tmfrf  is 
ALREADY  A  SUFFICIENT  AN-OUNT  OF  KNCWLEn^F  ON  FIRE  ECOLOGY 
TO  CHANGE  SOME  OF  THE  PRACTICES  AND  BENEFIT  WHOLE 
ECOSYSTEMS  BUT  IN  THE  END  IT  APPEARS  THE  noLLA"  AND  THE 
FOUR  WHEEL  DRIVE  PUPLIC  IS  DICTATING  POLICY.    ECOMOMTC 
EFFECTS, FIRE  EXCLUSION  ,  WILOL  IFF,  HUM  AN  01  STUPB  ANC^". PUBLIC 
REACTION, FIRE  EFFECTS 

137.  01    f)U3    A  lt»,DOO  ACRE  WILOLIFE-RECRE ATI  CN  ARFA  IN  NOPTH 

CENTRAL  WASHINGTON  IS  MANAC^G  PRIMARILY  AS  A  MULE  PEER 
WINTER  RANGE.   VQST  OF  THE  AREA  IS  A  PONH'^POSA 
°INE-BITTFRnRUSH  CLT^AV  ASSOCIATION.   CAN  FIRE  B*^  USEP 
TO  INCREASE  RANGE  PPODUCTION  FOR  DEER?   WHAT  EFFECT  DO^S 
FIRE  HAVE  ON  SOIL  MCISTU'E  CONTENT  IN  A  10-1'+  INCH 
RAINFALL  AR'"A? 

MICROCLTMATP,RECREATICN,WILnLIFE,SHRUnLANn,GAMF 
ANI'^AL,FIRE  EFFECTS,  SOIL -WA  TER  RELATIONS 

138.  Gl    &'*3    WHAT  EFFECTS  GOES  FIRE  HAVE  ON  MATURE  PITTrpHRUSH 

(PURSHIA  TRIDENTATA)  WHEN  LOW  TNIENSITY  GROUNH  FIPP 
CONTROLLED  BURNING  TS  HONE  IN  TH"^  FALL?    PIPE 
EFFECTS, SHRUPLANP, TIMING, PP'SCRIBFD  FIRE, PIPE  INTENSITY 

139.  CI    6^3    WHAT  EFFECTS  WOULD  FIRE  HAVE  ON  OVERGRA^-o  OP 

IMPROPERLY  GRAZED  PANGELANDS  IN  A  PGNTEROSA  PINE  CLIMAY 
AREA?    GRASSLAND, FIRE  EFFECTS 

It+O.   01    bkk  IN  AN  AREA  WHERE  PIPE  WILL  STIMULATE  SHRUBS  OP 

REGROWTH  ON  OLD  PLANTS,  WHAT  TS  THE  OPTIMUM  SI^p  AND 
SHAPE  OF  BURN?  THAT  WILL  BENEFIT  WILDLIFE? 
WILDLIFE, PIPE  EFFECTS, AREA  SI ZE , PCOPUCTIVIT Y, S^puP 
UNO" RS TORY 

1^1.   Gl    (^i*U  WHAT  ARE  TMr  PARAMETERS  FOP  PREDICTING  SPROUTING 

OF  FIPE-INDUCED  BROWSE  PLANTS?    FROOUCII VITY , OPG AN , FIRF 
EFF-ICTS,  SHRUB  UNDER'^TORY  ,  SHPUEL  ANT 

IkZ.       01 


1U3.   01    ^Uh  WHAT  EFFECT  DCES  i^IRE  INTENSITY  HAVE  ON  NUTRIENT 

CONTENT  OF  RESPPOUTING  SHRUBS,  ANC  WHAT  TS  THE  CHANGE  IN 
PRODUCTION  OF  SHOOTS  BY  LENGTH,  NUM'^ER,  OR  DRY  WEIGHT? 
f^IRE  INTENSITY, FIRE  EFFECTS, NUTRIENTS  ,  SHPUB 
UNDERST0RY,PR0DUCTIVITY,OPGAN 

I'*'*.   01    <^k'*  WHAT  IS  THF  SUCCESSIONAL  PATTERN  OF  GPOUND  COVEP 

PLANTS  OF  VARIOLS  TYPES  WITHIN  THE  CONIFEROUS  FOpEST 
BIOME?  SUCCESSION, COMMUNITY, CONIFEROUS  FOREST, FTPF 
EFFECTS 

1U5.   Gl    ^1*1*  WHAT  TS  THE  SUCCESSIONAL  PATTERN  OF  WILDLIFE 

RE-INVASION  AND  USE  OF  dURNED  AREAS  ON  LARGE  SCAL<^ 
BURNS?    AREA  SIZE, FIRE  EFFECTS, SUCCESSION, WTLDLIFf 
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I'+e.   01    715    FREQUENTLY  A  "NUPSE  CPOP"  IS  AERIAL  SEEDED  SOOM 
AFTER  FIRE  POP-UP  ANO  BEFORE  REFORESTATION.   HOW  OFTEM 
IS  THIS  NURSE  CROP  EFFECTIVE  IN  OCTMG  THE  JOB  TNTENTEO 
AND  HOW  OFTEN  DOES  IT  PACKFIRE  BY  OFFERING  TOO  ^UCH 
COMPETITION  ANO  AODTNG  TOO  MUCH  FLASH  FUEL  TO  TH^  SITE? 
MANIPULATION 
C0MPAPISON,COMPETITION,REPR0DUCTTCN,SEE0,S0IL  EPOSTCN 


lk7,       01 


IttS.   Ql 


lk9,       01 


15C.   01 


151.   01 


715    HOW  DOES  THE  PROTEIN  CCNT'^NT  OF  SHRUPS  ON 
REGENERATEC  BLRNEO  AREAS  COMPARE  TO  THOSE  IN  UNRU'^NTP 
AREAS?  THE  CAR90HY0PATE  CONTENT''   DOES  INTENSITY  QF  BURN 
HAVE  A  REARING  ON  THIS?    CO.^POUNCS  »N  UTRIENTS  » FIRE 
INTENSITY, FIRE  EFFECTS ♦ REPRODUCTION  .PROOUC TIVI TV 


WHAT  EXTENT  00  STREAM-SIHE  FIRES  CHANGE  THi^ 
CCMPCSITION  OF  A  STREAH?   


715    TO 

CHEMICAL 

TURN  HAVE  A  REARING 

STRFAP, NUTRIENTS, FI 

715 

"NORMA 

SUCCESS 


STREAM-SIHE 
A  S^  " 
ON  THIS  ANO 


nOES  INT^'NSITY 
u.^  nj.^  „,,,,  FOR  HOW  LONG? 
RE  INTENSITY, FIRE  EFFccTS 


OF 


WHAT  ARE  THE  PENFFICIAL  ASPECTS,  IF  ANY,  0^    A 
iL"  FIRE  CLIMA>  FOREST  IN  THE  TNLANH  E*^PIPE  REGION? 
;SION,FIRE  EFFECTS, ECOSYSTEM 

715    WHAT  EFFECT  OCES  FIRE  H^VE  ON  ACOUATIC  INSECTf?? 
ARE  SOME  INSECTS  MOP£  RESISTANT  TO  HABITAT  CHANGE  CAUSED 
RY  FIRE  THAN  OTHERS?    STREAH , INSECT, FIRE 
EFFECTS, COMMUNITY 

739  HOW  CAN  WE  DEVISE  A  FTRC  INFORMATION  RASE  THAT 
WILL  HELP  LAND  MANAGERS  BECOME  L'PDATEO  ON  THE  LATF^^T 
RELEVANT  RESEARCH  RESULTS  ANO  NEEDS''    FIRE  EPr^cTS 


152.   01    7«+0    WHAT  VOLUME  OF  MERCHANTABLE  TIMBER  Hflc  f^^EN  LOST 
HUE  TO  EXCESSIVE  COMPETITION  FROM  RRUSH  SPECIES 
RESULTING  FROM  THE  ACTIVE  EXCLUSION  OF  FIRES  IN  FORESTS? 
PRODUCTIVITY, FIRE  E YCLUS I ON, CONIFER OUS 
FOREST, COMPETITION, SHRUB  UNPERSTOPY 


153.   01 


15U.   01 


EMENT  AGENCIES  AR*" 

KG  SLASH  BY  BURNING  UNDER 

AIR  POLLUTION  REGULATIONS. 
ONSTRAINTS  IN  TERMS  OF!  A) 
TS?  ")  ACREAGE  OF  SLASH 
STRAINTS?  C)  ACREAG"^  OF 
STS  RESULTING  FRQM  BURNING 
ORS  ARE  OPTIMUM  RUT  °URNING 
T  CP  CONTROL  APE  NOT 
RESCRIPEO  FTRE,PUEL 
CCLIMATE,FIRE 


71*1  ONE  AGENCY  ON  MAJOR  "EASTSICE"  FORESTS  IN  OREGON 

ANO  WASHINGTON  TS  STILL  RURNIhG  LARGE  ACREAGES  OF  OLD 
GROWTH  LOGGING  SLASH  IN  PARTIAL  CUT  STANDS.   OTHER 
AGENCIES  MANAGING  SIMILAR  "EASTSIPE"  F0P*^STS  AND 


7kl          MAJOR  FOREST  LAND  MANAG 

DISPOSING  ( 

DF  OLD  GROWTH  LOGGI 

THE  AnOITIONAL  CONSTRAINTS  OF 

WHAT  IS  THE  EFFECT  OF  THESE  C 

ADDITIONAL 

SLASH  DISPOSAL  COS 

UNBURNEO  DUE  TO  POLLUTION  CON 

WILDFIRES 

ANC  SUPPRESSION  CO 

SLASH  WHEN 

AIR  FOLLLTION  FACT 

CONDITIONS 

FROH  THE  STANOPOTN 

OPTIMUM? 

ECONOMIC  EFFECTS, P 

REDUCTION, 

AIR  POLLUTION, MICR 

EFFECTS, PRESCRIBED  FIRE 

F 
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PRACTICING  SIMILAR  CUTTING  TRFATMENTS  ARE  NOT.   WHAT  ARE 
THE  EFFECTS  OF  THESE  PRACTICES  ON  THE  RATE  OF  S^REAC, 
RESISTANCE  TO  CONTROL  OF  WILDFIRE,  ANO  SUPPRESSION  COSTS 
ON  THE  RESPECTIVE  AREAS?    ECONCMIC  EFFECTS ♦ PRESCRIPEP 
FIRE,FUEL  REDUCTION, AREA  SIZE, FIRE  "EHAVIOR 

155.  01    837    COULD  LOGGING  SLASH  BE  TREATED  WITH  SOMETHING  THAT 

WOULD  SPEED  UP  THE  DECAY  PROCESSES?    HUMAN 
II STURBANCE, DECOMPOSITION, FUEL  REDUCTION 

156.  01    a37    00  YOU  THINK  THERE  MIGHT  ^.E    A  WAY  TO  AERIALLY 

TREAT  SMOKE  FROM  A  SLASH  t?URN  TC  t'AKE  IT  SETTLE  OUT  FROM 
THE  AIR  SOONER,  REFORM  IT  DRIFTS  TO  AN  AREA  WHER«^  IT  IS 
NOT  WANTED?    SMOKE  EFFECTS, AIR  POLLUTION, GENERAL  FIRF 
MANAGEMENT, PUBLIC  REACT  ION, PRESCRIBED  FIOE,FUEL 
REDUCTION 

157.  01    «37    IN  LOG  STORAGE  AREAS,  OP  IN  A  HEAVY  SLASH  A'EA, 

WHEN  A  FIRE  BURNS  IK  THIS  STTUATTCN,  HOW  MUCH  DAMAGE 
OCCURS  TO  THE  SOIL,  AND  WHAT  IS  THE  LASTING  EFFECT,  IF 
ANY?    HUMAN  DT STUR PANCE , SOIL , FIRE 
EFFECTS, TIMING, PRESCRIBED  FIRE 

158.  01    837    IS  IT  POSSIBLE  TO  AERIALLY  TREAT  A  SNAG  AREA  TO 

SPEED  UP  THE  DECAY  SO  THEY  WILL  CCME  DOWN  IN  CHUNKS, 
INSTEAD  OF  ALL  AT  ONCE,  AS  THFY  DC  WHEN  YOU  «^ALL  THEM? 
THIS  QUESTION  CONCEPNS  DOUGLAS  FIR  SNAGS.    SNAG, HUMAN 
0 I STUR8 ANCE,DECOMPOS I TIGN, CONIFEROUS 
FOREST, POPULATION, E/PERTMENT  ORIENTED  OUESTTON 

159.  01    837    WTTW  180  TO  200  TONS  OF  SLASH  PER  ACRE  AND  A  FALL 

SLASH  BURN  IS  MADE,  HOW  MUCH  SOIL  DAMAGE  TAKES  PLACE? 
HOW  MUCH  OF  THE  SOIL  NUTRIENTS  ARE  ADDED  BACK  TO  THE 
SOIL  BY  THE  WOOD  AS^•?    ASH, FIRE  INTENSITY,  FI  RE 
EFFECTS, SOIL, NUTRIENTS, PRESCRIBED  FTRE,PUEL  PEDUCTION 

160.  02    OOOC    CAN   REPEATED  FIRE  EVENTUALLY  LIMIT  DESIRABLE  PTG 

GAME  BROWSE  SPECIES  SUCH  AS  REOSTE»^  CEANOTHUS?   IF  SO, 
HOW  MUCH  AND  UND*^R  WHAT  CONDITIONS''    PRESCRIBED 
FIRE,  FIRE  FRE  QUE  NC  Y,  SUCCESS  I  CN,SHPU''L  AND,  PEPRODUCT  TON 

161.  02    OOOC    IN  THE  IDAHO  BATHOLITH,  COMPARE  THE  EFFECTS  OF 

SPRING  (APRIL-MAY)  BURNING  SEPAL  BRUSHFirtOS  ON  SOIL, 
VEGETATION,  WATER  YIELDS  ANO  QUALITY  WITH  SIMILAR 
EFFECTS  OFt   WILDFIRE  IN  MATURE  FORESTS  (WILDFIPE) 
BROADCAST  BURNS  FOR  SLASH  DISPOSAL,  D07ER-PILED  ^^UPNS 
•^OR  SLASH  DISPOSAL.   HOW  DO  THESE  EFFECTS  CHANGE  WITH 
SEASON  OF  BURNING?    PPESCPIBED 
PIPE, SHRUB  LAN  C, MANIPULATION 
COMPARISON, SOIL, VEGETATION, HYDROLOGY,  FUEL  RFOUCTION 

162.  02    OOOG    UNDER  WHAT  CONDITIONS  IN  THE  IDAHO  BATHOLITH  DOES 

FIRE  SIGNIFICANTLY  INCREASE  EROSION  PROBABILITY?   MASS 
FAILURE  PROBABILITY?    SOIL  '^ROSICN 

163.  02         OOOC  WHAT    ARE    THE    EXPECTED    LONG-TERM    EFFECTS    OP 

REPEATED  FIRE  (FOP  EXAMPLE  AT  INTERVALS  OF  10,  20,  30 
YEARS)  ON  THE  GRANITIC  SOILS,  VEGETATION,  WATER  YICLD 
ANO  QUALITY  IN  THE  TOAHO  BATHOLITH?   AT  WHAT  INT^^RVALS 
CAN  BRUSHFIELCS  BE  RE8URNED  SAFELY  FOR  INCREASED  BROWSE 
PRODUCTION  IN  THE  IDAHO  BATHOLITH?    PRESCRIBED 
FIRE, FIRE  FREQUENCY, SOIL  STRUCTURE , SOIL  EROSION 
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lei*.   02    129    DOES  A  UNIT  WflTEPSHED  HAVE  CPITICAL  AREAS  WITH 
RESPECT  TO  FIRE  DAMAGE?    WATERSHED , AREA 
SIZE, MOSAIC, HYDROLOGY 

165.  02    129    IS  GRCUNO-COVER  PAMAGE  RELATED  TO  (^ATL  OF  FlPr 

SPREAD?    FIRE  REH A VI CR, FUEL  REDUCT ION,FUEL/BTOMA SS 
ACCU'-ULATION 

166.  02         129    IS  THERE  A  RELATION  RETWEEN  SOIL  DEPTH  ANP 

GROUND-COVFR  DAMAGE  FROM  FIPES''    *^0IL,FUEL  REHUCTICN 

167.  02    129    UNDER  WHAT  TOPOGRAPHIC  CONOITIONS  WILL  SOIL  DAMAGE 

FROM  SUPPRESSION  ACTIVITIES  EXCEED  "^AMAGP  FROM  FTPE 
ALONE?    MAMFULATICN  COMPAR  ISON  ,  GENERAL  FIRE 
MANAGEMENT, FUEL  REDUCTION, SOIL  ^POSTON 

168.  C2    129    WHAT  DEGREE  OF  ACCELERATED  EROSION  CAN  IE  "^XFECTEn 

AFTER  FIRES  OF  DIFFERENT  INTENSITV    FIPE 
INTENSITY, FUEL  REDUCT I  ON, SOIL  ER05ICN 

169.  C2    130    WHAT  ARE  THE  DIFFERENCES  IN  LITTFR  OPrO;-IPOSI"^TON 

AMD  ACCUMULATION  RATES  (3Y  KIND  OF  LITTFR  MATERIAL) 
"ETWEEN  3UPNED-0VER  SITES  AND  AREAS  FROM  WHICH  FIPF  WAS 
f^XCLUOEO?   WHAT  SPECIFIC  OECCMFCSER  ORGANISM'S  Aof^ 
INVOLVED?   HOW  DO  Tm^  njFFFPENCES  IN  RATES  CHANG"  WITH 
HABITAT  TYPE,  SPECI'S  COMPOST  TTON,  STAND  AGE,  O^^NSITY, 
ETC.?   HOW  DOES  FERTILIZATION  (ESPECIALLY  WITH  N  ANn  CA) 
AFFECT  LITTFR  ACCUMULATION  (NET)  UNDER  UNOISTUORED 
STAN1S?    MANIPULATION  COMO ARISCN , F IRE 
EXCLUSION,  LITTER,  OECCMPOSIT I CN,  FUEL /'il  DM  ASS 
ACCUMULATION, MICROORGANISM, SPECIES 
DIVERSITY, DENSITY, AGE, NUTRIENTS 

170.  02    130    WHAT  ARE  THE  FOSSiniLITTES  FOR  DEV^LOFMENT  OF  FIPE 

MEASUREMENT  METHODS  THAT  CAN  BE  mqre  EFFECTIVELY  PELATED 
TO  ECOLOGICAL  EFFECTS  AND  SUBSEQUENT  APPL ICAT  ION*"'' 
GENEPAL  PIR<^  MANAGEMENT 

171.  32    13G    WHAT  ARE  THE  RATES  OF  SLASH  DETERTO? ATI  ON  (ANP 

FIRE  HAZARD  REDUCTION)  IN  THINNED  YOUNG  STANDS  AND 
PARTIALLY  CUT  OLDEP  STANDS?   HOW  APE  THESE  AP^ECTED  pY 
HABITAT  TYPE,  SPECIf^S  COMPOSI  TTON ,  STAND  AGE,  DENSITY, 
THINNING  INTENSITY,  FERTILIZATION,  SUPPLEMENTARY  LOPPING 
AND  SCATTt-PING,  ETC.?   ALSO,  HOW  APE  THESE  RATES  PELATED 
TO  POTENTIALS  FOR  BUILDUP  OF  INSECTS  AND  DISEASES 
HARMFUL  TO  THE  ^ESIOUAL  STAND?   HOW  DO  CHEMICALLY 
THINNED  STANDS  DIFFfR  IN  FIPE  SUSCEPTIBILITY  AND 
DIFFICULTY  OF  FIRE  CONTPOL,  FPCM  STANTS  THINNED  PY 
CUTTING?    FUEL/BIOMASS  ACCUMUL AT  ION, AGE, SPECIES 
DIVERSITY, DENSITY, NUTRIENTS, INSECT,  DISEASE, 
FLAMMABILITY,  MANIPULATION  CCMFARISCN 


172.   02    131    FIRE  PPEVENTICN  SINCE  THE  EARLY  1900*S  HA"^  ALTEPE^^ 
THE  FREQUENCY,  INTENSITY,  AND  EXTENT  OF  FIRES  IN  W«^STEPN 
FORESTS.   WHAT  ARE  THE  ECOLOGICAL  CONSEQUENCES  OF  Tmis 
PROTECTION  IN  TERMS  OFt  (1)  ALTERING  THE  RELATIVE 
PROPORTIONS  OF  SERAL  AND  CLIMAX  VEGETATIVE  CONDITTONS? 
(2)  CHANGING  THE  RATES  OF  NUTRIENT  CYCLING:  (3) 
AFFECTING  RATES 'OF  ROCK  WEATHERING  AND  SOIL  FCRMATTCN'' 
•^IRE  FREQUENCY, FIRE  I  NTENSI"^Y,  ARE  A 
SIZE, SUCCESSION, NUTRIENTS,  SOIL 
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173.   02    131    INTENSIVE  FOREST  MANAGEMENT  ^'ETHOOS  AND  GOALS 
SUGGEST  INCREASED  SPACING  BETWEEN  TREES  (I.E.  FEWER 
TREES/ACRES),  FASTER  TREE  GROWTH  RATES,  LESS  FUEL  PEP 
ACRE,  FREQUENT  REENTRY  INTO  THE  STANDS  FOR  LIGHT 
THINNING  ANO/OP  HARVEST  WITH  LIGHT  SLASH  DEVELOPEH.  - 
WHAT  EFFECT  WCULO  THIS  SYSTEM'  OF  MANAGEMENT  HAVE  ON:  (1) 
FIRE  SUPPRESSION  ORGANISATIONS  AND  PRACTICES?  (2) 
NUTRIENT  CYCLING  WHEN  COMPAPEC  WITH  (A)  FpEQUENT  NATUPAL 
AND  UNCONTROLLEO  FIRE  OCCUR'^ENCE  AND,  (B)  SUCCESSFUL 
FIRE  PREVENTION  ANC/OR  EARLY  SUCCESSFUL  SUPPRESSION 
ACTION?    MANIPULATION  COMPAR  ISCN,  NUTRI'^NTS,  F  IRE 
FREQUENCY, FIRE  EXCLUSION, PROCUCTI VITY,FUEL/ei OMASS 
ACCUMULATION 


ITit.   02 


133    DO  FIPES  OF  VARYING  INTENSITIES  REOUC^  THE 
INOCULUM  OF  ANY  OF  THE  TREE  OR  SHRUB  ROOT  DISEASES'' 
FIRE  INTENSITY, ROOTS, DISEASE 

175.  02    133    GIV^N  PCORLY,  MODERATELY  AND  ^ULLY  STOCKED  STANns, 

WHICH  ARE  MOST  LIKELY  TO  BURN  CLEANLY  (OR  CONVEPS^^LY 
LEAVE  SOME  LIVING  RcSIOUALSI  OVER  THE  RANGE  OF  POOP  TO 
EXCELLENT  SITES?   E.G.,  DO  POCRLY  STOCKED  STANDS  ON  GOOD 
SITES  BURN  (OR  WITH  HIGHEP  PfiOBABILTTY)  MQPE  CLEANLY 
THAN  DO  SIMILARLY  STOCKED  STAN'^S  ON  POOR  SIT^S,  GIVEN 
EQUAL  FIRE  SITUATIONS?   WHAT  TYPE  OF  STAND,  IF  ANY,  TS 
MOST  LIKELY  TO  BE  "FIPE-RESISTANT"  ON  ANY  GIVEN  SLOPE 
WITH  ANY  GIVE^  FIRE  FRONT?    FIRE 
BEHAVIOR, POPULATION, DENSITY 

176.  02    13^  HOW  SIGNIFICANT  ARE  VARIOUS  INTENSITIES  OF  INSECT 

DEFOLIATION,  OR  TREE  KILLING,  IN  INCREASING  FI^E 

INTENSITY  AND  RATE  OF  SPOEAC 

INSECT, MORTALITY, FUEL/RIOMASS  ACCUMULATION, FIRE  BEHAVTOP 

177.  02    13i+    A  NUMBER  OF  DFSTRUCTIVE  AND  BENEFICIAL  INS'^CTS 

SPEND  A  PORTION  OF  THEIR  LIFE,  PARTICULAPLY  THE 
OVERWINTERING  STAGES,  IN  THE  DUCF.   WHAT  IS  THE  ^Pt^ECT 
OF  CHANGES  IN  LITTER  ACCUMULATION  ON  SURVIVAL  AND 
DIST-?IBUTION  OF  INSECTS   THAT  OVERWINTER  IN  THE  DUFP? 
LITTER,  FUEL/aiOMASS  ACCUMUL  AT  ION,  FUEL  Pi^DUCTT  ON,  INSECT 

176.   C?    13«»    TREES  STRLCK  BY  LIGHTNING  OR  WEAKENED  BY  FIRE  ARE 
ATTRACTIVE  TO  BARK  ^EETLES  ,  IHPORTAMT  TREE  KILLERS.   IN 
WHAT  MANNER  IS  THE  PHYSIOLOGY  OF  LIGHTNING   STRUCK  TREES 
CHANGED  TO  INCREASE  THEIR  ATTPACTIVENESS ,  OR  REDUCE 
THEIR  RESISTANCE,  TO  INFESTATION  BY  BARK  BEETLES'* 
LIGHTNING  EFFECTS,  I  NSECT  ,,  EXPERIMENT  ORI'=^NTED  QUESTION 

179.  02    IZU         WHAT  IS  THE  EFFECT  OF  T^CREASING  AREA  SI^E  OF  EVEN 

-AGED  TREES,  AS  RELATED  TO  THE  PPC3A1ILITY  OF  VARIOUS 
DENSITY  LEVELS  OF  RflPK  BEETLE  POPULATION''    AREA 
S 1 7E,  AG E, DENS  IT V, INSECT, POPULATION 

180.  02    135    TN  THE  CONTROLLED  BURNING  OF  AN  AR^A  TO  TMPPOVE 

GAMC  RANGE,  IS  IT  POSSIBLE  TO  SO  TIME  THE  OPERailCN 
SEASONALLY  thAT  A  MAJOR  REDUCTION  IN  THE  WOOOTICK 
POPULATION  WOULD  RESULT"*    PRESCRIBED 
FIRE, TIMING, INSECT, POPULATION 
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181.  02    136    DOES  BURNING  AFFFCT  THE  R4TE  OF  SOIL  FORHATIOh 

DIFFERENTLY  ON  VApJCUS  ASPECTS  AND  SLOPES?   DOES  "URNTNG 
AFFECT  THE  RATE  OF  SOIL  FORMATTCN  HIFFEpENTLY  UMDE'> 
CONIFER  STANDS  THAN  UNDER  f^PO A-^LE AVEO  SPECIES?   DOES 
BURNING  AFFECT  THE  PATE  OF  '^OIL  FORMATION  THROUGH 
MICROFLORAL  INTERMEDIARIES?    SOIL  STRUCTURE,  SOIL-WAT'^R 
RELATIONS, SOIL  EROSION 

182.  02    227    DO  REPEATED  BURNS  TENn  TO  INFLUENCE  THE  SPECIES 

C0»^FCSITION  OF  THE  SU'^S'QUENT  PLANT  COMMUNITIES  IN 
CONIFEROUS  FORESTED  ARFAS  AS  FOUNT  IN  NORTH  CENTPAL 
IDAHO?    FIRE  FREDUFNCY, SPECIES  DIVERSITY 

183.  02    227    HOW  CAN  FIRE  PE  USED  mqst  EFFECTIVELY  TN 

^lAINTAIMNG  A  SERAL  OECIDUOUS  PLANT  COMMUNITY  AT  A  SERAL 
STAGE  MOST  SUITABLE  FOR  ^'ULE  DEER  AND  ELK  IN  CONIFEROUS 
FORESTED  ARFAS  AS  FOUND  IN  NORTH  CENTRAL  IDAHO'' 
SUCCESSION, GAME  ANTRAL 

l&h»       02    227  IS  THE  CREATION  OF  BRACKEN'  FF^N  STANDS  PELATED  TO 

THE  DESTRUCTION  OF  THE  "A-'SOIL  HORIZON  BY  FIRE?    FTRF 
EFFECTS, FFRN, SOIL 

185.  02    227    WHAT  AMOUNT  OF  GROUND  COVER  f^UEL  SUPPLY  IS  NEE^^ED 

TO  CREATE  THE  TYPE  ^I'E  NEEDED  TO  OPTAIN  AN  OPTIMUM 
DECIDUOUS  SHRUB  PLANT  COMMUNITY  FOR  MULE  DEER  AND  FLK  TN 
TERMS  OF  PLANT  SPECIES  DENSITY,  DISPERSION,  AND 
COMPOSITION?  --COULD  A  TOO  LARGE  FU^L  SUPPLY  A^VEPSELV 
AFFECT  THE  ESTABLISHMENT  OF  SUCH  A  SERAL  PLAMT 
COMMUNITY,  AND  AT  WHAT  f^UEL  SUPPLY  LEVEL  WOULD  THIS  B«^ 
REACHED?    SPECIES  01  VERS ITY , DI SPERSI CN, FUEL/BTOMflSS 
ACCUMULATION,SHRUBLAND,GAMF  ANIMAL, "^IRE 
INTENSITY, F-PROOUCTTON 

186.  02    227    WHAT  EFFECT  DC  REpEATFC  BURNS  IN  AN  ApEA  HAV«"  ON 

THE  SEED  SOURCE  OF  SUCH  SPECIES  AS  WILLOW  AND  PEDSTF*^ 
CEANCTHUS?    fire  FPEQUtNCY,SE<^" 

187.  J2    227    WHAT  EFFECT  DC  VARIOUS  SI7PS  AND  TIMING  OF  PUPNS 

HAVE  ON  THE  GROWTH  CHARACTEPISTICS  OF  THE  SUBSEDUi^NT 
STAGES  OF  THE  DECIDUOUS  SHRUB  PLANT  COMMUNT"^IES  TN  th^^ 
CONIFEROUS  FORESTS  OF  NORTHERN  IDAHO?    AREA  SIZE, FIRE 
FREQUENCY,  SHRURL  AND  ,  POPULATION  GROWTH  ,  FU<^L /PI  OM  ASS 
ACCUVULATICN 

188.  02    tfO^    TO  WHAT  DEGREE  OF  RELIABILITY  CAN  FIRE  FPE^UENCY 

AND  INTENSITY  BE  PREDICTED  VTA  AN  IN-OEPTH  ANALYSIS  OF 
AN  AREA'S  FIRE  HISTORY?    FIPF  HISTORY, FIPF 
FREQUENCY, MODEL 

189.  02    i+OS    WHAT  SMALL  ANIMAL  AND  BIRD  FCPULATIONS  APE  MOST 

AFFECTED  AND  IN  WHAT  WAYS  FOLLOWING  LARGE  INTENSE  "URNS? 
SMALL  MAHMAL, BIRO, COMMUNITY, Flpr  EFC£CTS  ,  FTRc-  INTENSITY 


190.   02 


^♦07  ARE  THE  HIGH  SUB  ALPI  Nf- ARE  A  FIRES  ESS^^NTIAL  IN 
MAINTAINING  BIGHORN  AND  MOUNTAIN  GOAT  SUMMER  RANGES? 
GAME  ANIMAL, FIRE  EFFECTS, MOUNTAIN 
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191.  02    i»07    ARE  THE  SUCCESSIONAL  STAGES  O'^  LONGER  DURATIOh 

FOLLOWING  A  RERURN?   HOW  IS  THIS   AFFECTED  BY  THE  LENGTH 

OF  TIME  BETWEEN  BURNS?    FIPE 

FREQUENCY, SUCCESSION, TIMING, FIRE  EFFECTS 

192.  02    '♦07    CAN  A  RELATIONSHIP  BE  ESTABLISHED  HFTWEEN  FIPF 

OCCURRENCE  ANC  INSECT  EPIDEMICS  IN  WILDERNESS'*  THAT  IS, 
00  LARGE  FIRES  HELP  PREVENT  INSECT  EPIDEMICS?  IS  IT  A 
CASE  OF  SUCCESSFUL  FIRE  SUPPRESSION  ONLY  MEANS  THAT  THE 
9UGS  WILL  TAKE  THE  TIMBER?    PI^E  EXCLUS ION,F IRE 
EFFECTS, INSECT, AREA  SIZE 

193.  02    '♦C7    CAN  SUCCESSION  BE  ACCURATELY  PREDICTED  FOLLOWING 

FIRC  WITHIN  ALL  HABITAT  TYPES  AND  AT  ALL  SUCCESSIONAL 
STAGES  WITHIN  THESE  TYPES?    SUCCESSION, MODEL , FIRE 
EFFECTS, ECOSYSTEM 

19k,       02    U07    DOES  THE  SEASCN  OF  BURNING  GREATLY  INFLUENCE  THE 
EFFECT  OF  FIRE  CN  VEGETATION?   HOES  THE  PHYSIOLOGICAL 
STAGE  OF  THE  VEGETATION  GREATLY  INFLUENCE  THE  EFFECTS  OF 
FIRE?    FIRE  EFFECTS, TIMING, CCMFUNITY 

195.  C2    ^C7    WHAT  A© E  THE  CHEMICAL  CHANGES  IN  LAKES  AND  STREAMS 

FOLLOWING  eURNING?    FIRE  EFFECTS ,L AKE, STREAM, NUTPIFNTS 

196.  C2    '♦07    WHAT  ARE  THE  EFFECTS  OF  FIRE  RETAROANT  ON 

VEGETATION?    CHEMICAL  RETAROANT  EFFECTS, VEGET ATI CN 

197.  02    '♦07    WHAT  IS  THE  EFFECT  OF  DIFFERENT  WINDFALL  DENSITY 

ON  BIG  GAME  POPULATIONS?  HOW  IS  WINDFALL  DENSITY 
AFFECTED  BY  BURNING  OR  NOT  BURNING?   WINDFALL  INCPEAS="S 
WITH  OVERMATURE  STANDS  0^  Tlt^BEP,  BUT  IT  IS  ALSO 
INCREASED  BY  SNAGS  GOING  OVER  FOLLOWING  A  FIRE.    GAME 
ANIMAL, FIRE  EFFECTS, SNAG , WIND  THROW, WILDL IFF 

198.  02    ^+07    WHAT  IS  THE  EFFECT  OF  FIRE  CN'  MIGOflTORY  WILDLIFE 

SUCH  AS  BIRDS?  DO  i^OPULATIONS  PRESENT  PRECEDING  f'l^E 
RELOCATE  AFTER  BURNING  IF  CONDITICNS  ARE  NO  LONG^P  ' 
SUITABLE  FCP  THEM?   00  POPULATIONS  MIGPATING  THPOUGI-  THE 
AREA  STOP  AS  THEY  FIND  SUITABLE  CCNOITTONS?   DO  LARGF 
BURNS  AFFECT  THE  MIGRATION  ROUTES  OF  SMALL  PIRDS? 
ANIMAL  BEHAVIOR, BIRD, FIPE  EFFECTS 

199.  02    '♦07    WHAT  IS  THE  EFFECT  OF  FIRE  RETAROANT  ON  AOUATIC 

LIFE  IN  STREANS  AND  LAKES?   DC  TOLERANCE  LEVELS  VARY 
WITH  DIFFERENT  LAKES  AND  STPEAMS?   CAN  THIS  BE  FOPSEEN 
AND  ALLOWED  FOR?    CHEMICAL  RFTAPOANT 
EFFECTS, ST  RE  AM, LAKE, FISH, MODEL 

200.  02    k^7  WHY  DOES  BITTERBPUSH  (PUPSHIA  TRTDENTATA)  RESPROUT 

FOLLOWING  BURNING  IN  SOME  INSTANCES  AND  NOT  IN  OTHEPS? 
FIRE  EFFECTS, REPRODUCTION, POPULATION  GROWTH, SH^UB 
UNDERSTORY 

201.  02    '♦07    WILL  FIRE  CONTRCL  IN  WILDERNESS  AREAS  RESULT  IN 

LARGER  AND  MORF  DISASTROUS  FIRES  IN  THE  FUTURE**    FIRE 
EXCLUSION, AREA  SIZE 
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202.   02 


CFS 


203.   02    '♦09    SO^^ETTMES  CONIFER  SSEDLTNGS  PLftNTEO  IK  OEF"  fl^H 
BEOS  WHERE  HEAVY  SLAS^  PILES   ON'  WTNIRGWS  WERE  PURNEO 
SHOW  ACCELERATEO  EARLY  GROWTH.  IS  THIS  A  SHORT  TEPK 
EFFECT,  OR  00  SIGH  TREES  REMAIN  DCHINANT  THROUGHOUT  THE 
ROTATION?    A  SH,  NU  T(?IE  NT  StREPROnUCTTON,  CONIFEROUS 
FOREST,  FUEL  REOUCTTCN,  CH  A  RCO  AL  ,  POCOL'CTIVTTY,  p  PESCRTPt^H 
FIRE,FIRF  EFFECTS, EVPZPTMENT  CPIEK"^Fn 
OUFSTIGK, POPULATION 

204*.   92 


205.   02 


i 


206.  02    t»ll    TN  A  EHELTERWCOD,  SELECTION  OR  0VE°ST0OY  RF^'OVAL 

TYPE  Ha^VEST,  HOW  MUCH,  IF  ANY,  SLASH  SHOULH  rjE  LEFT  TM 
THE  AREA  IN  OROFP  TC  MAINTAIN  THE  NUTRi:^NT  CYCLE  Wwt^N 
••YARDING  THE  UNMFPCH  A  NT  ARLE  TIMPEP  AND  TOP?"  IS  A  PART 
OF  THE  TPEATHENT  PRESCRI PT I  CN?    HU^'AN 
OISTUPBANCE,NLTRIENTS,FUEL  "ECUCTinN, MANIPULATION 
COMPARISON 

207.  02    kll  IN  THE  PACTFir  NORTHWES  T ,  HOW  mamy  YCAds  "iP*^ 

REOUIPEO  FOR  FUELS  CNE  INCH  ANO  UNDER  TO  CFCOmpOSF  TO 
THE  30INT  WHERE  THEY  CAN  BE  CCNSICEREO  PAPJ  0"^  THE  CUFF 
LAYER?    OUFF,OECOM«=^SITION,CLI*'ATc  ,  TI  MI  NG  ,  ORGANISM 

2CB.   02    «♦!!    TN  VIEW  OF  THE  FACT  THAT  A  FUPLIC  C^Y  IS  Hf^INn 
RAIS:-n  AGAIhST  PRESi^RIP'O  FIRE,  WHAT  KImq  0"^  FTFELESS 
FUEL  MANAGEK^NT  IN  pELATION  TO  TIMBER  HARVESTING  CAN'  pE 
EMPLOYED  TO  SIMULATE  THE  ""NATURAL  RCL'  OF  FIRE''    ^jp^ 
EXCLUSION, PRESCRIBEC  FIRE , M ANIOUL ATI  ON  COMPAR ISCN, PUBLIC 
REACTION, AIR  POLLUTION  ,  AESTHETICS  ,  VALUE  JUTGE.'i'^NT 

209.  02    f*!!    IS  THE  RESIDUE  (ON  LAVQCWN  TREES)  "^N  A 

"*PECOMMERCIAL  THINNING  nETRIMENTAL  TO  SOIL  CHEMI<?TPY? 
QP  HOW  MUCH  LAYOOWN  CAN  BE  TOLERATE"^  BEFO'Jc  <;OTL 
CHEMISTRY  IS  AFFECTED?    NUTPIFKTS , SO IL , HUMAN 
0ISTUR9ANCE,FUEL/BI0MASS  ACCU VUL A T I0N,0EC0MP0SITT0N 

210.  02    '♦11    TO  WHAT  EXTENT  DOES  Bi^OADCAST  BURNING  AFFECT  "^mp 

PH  0*^  ADJACENT  STREAMS  AND  SOILS  WITHIN  THE  BURN? 
PRESCRIBED  FIRE, FIRE  EFFECTS , PH, STPEAM, SOIL, EXPEpIM^NT 
ORIENTED  QUFSTICN 
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211.   02 


212.   C2 


213.   02 


till  W 
COMPACT 
COMPLEX 
»^ERTILT 
REOUIRI 
PREPARA 
SCAPIFI 
SPOT  SC 
OPEPATI 
DISTURB 
CO^'PARI 


ON.nuFf-" 


TTME  TO  PLANT  AFT^R  «  -^^  ^.«.  ,.,.:,  i 
AFFECT  SOIL  MOISTIJP!:^  D'JRI^'G  THE 
OC^S  THE  BLACK  SURFACE 
-_  ^  OE°TH  WHICH 


Ull    WHAT  IS  THE  BEST  TIME  TO  PLANT  AFTER  A  gPOAPCAST 

BURK'?  HOW  DOES  BURNING 

FIRST  SUMMER  AFTER  BURNING?   ui;-.i  >  nr.  ->lmi 

ABSORB  MOPE  SOLAR  HEAT  AND  THUS  DRY  0  L"T  TO 

MIGHT  CAUSE  PLANTATIONS  TO  FAIL? 

iA-r^      r^uAorn/M        Aou      e^T.    _,.,ATr-n      RfL  A  T  I  CNS  ,  F  I D  E 


MIGHT  CAUSE  PLANTATIONS  TO  FAIL? 
M ICRCCL  IMA TE, CH APCO AL » A SH» SOIL- WATER 
EFFECTS, PRESCRIBED  FIRE, FUEL 
R£nUCTICN,PLANTING,TIMING,ECOSY'^T£H 

^13    WHAT  IS  THE  COST/BENEFIT  CATIC  OF  P=:PVITTING  FTo^ 
TO  PLAY  A  NATURAL  POLE  IF  FIRE  c>EArHES  A  POINT  WHE<?E  IT 
MUST  BE  SUPPRESSED?  WHAT  APE  SOCT C-FCONOMIC  BENEFITS  AN 
LOSSES?    VALUE  JUOGEMEN  T,  FIRE  EFFECTS  ,  ECONO'^IC 
EFFECTS,  A-;  STHE  TICS,  PUBLIC  REACTION 


21^.   J2    t*17  AT  WHAT  TEMPERATURES  ANO  TEMP-RATUR^  GURATICN  ARE 

SOIL  MICROORGANISMS  OECR^ASEO  TC  A  POINT  TO  PRECLUnc 
NATURAL  TIMBER  PEGEKER ATION?   CAN  THIS  BE  RELATED  TO 
TEAO  FU-L  DENSITIES  ON  A  BASTS  CF  TONS  =»ER  ACRE  PER 
SLOPE  DEGREE?    S  CIL  ,  VICROOPG  ANIS^' ,  HP  AT  EFFECTS, FI^E 
EFFLCTS,FU£L/BTCMASS 
ACCU^ULATICN,RE'=PnnuCTION,TOPnGPAFHY 

215.  02    t*!?    FIRE  CR  HIGH  TEMPERATURES  ARE  NECESSA^^Y  ^0  OPEN 

SEROTINOUS  °INL  CONi^S.  AT  WHAT  TE^^PERATURFS  ARE  S^TEnS 
PEHVOPATED  OR  OTHERWISE  lAMAGEO  TO  AN  EXTENT  TO  PRECLUDE 
GERf-^INAIIOK  OR  SURVIVAL  OF  GERMINANTS?   OR  DOES  THIS 
OCCUP?    CONIFEROUS  FOR'^ST  ,  SEED,  HE  AT  EFFECTS  ,  t^IPE 
EFFECTS, ORGAN 

216.  G2    t*i7  IS  THERE  A  POINT  OF  SOIL  CAKAGE  F^OM  FIRE  WHEt^F 

LOOGEPOLE  PINE  ANO/OR  DOUGLAS-FIR  REGENERATION  IS 
apECLUOEG  BUT  SOIL  ETA  BI  LI  ZATION  V.ITH  OTHER  S^'ECI'^^  CAN 
BE  EXPECT'^C?   THIS  >'AY  BE  IMPCOTANT  IN  OETERMINING  TI^'F 
LOSS  IN  PRODUCTIVITY  OF  TIMf^ER  STAND  WHIL"^  NATURAL 
ECOLOGICAL  SUCCESSI'^N  OCCURS.    SUCCESSION  ,  SOIL  ,  HP  AT 
EFFECTS,PEF'=>0  rue  TI  ON,  CONIFEROUS  FOREST,  SOIL 
EROSION, PRODUCTIVITY, FIRf^  EFFECTS 


217.   C2    1*17  IT  IS  GENERALLY  BELIEVEP  THAT  LODGEPOLE  PINE  TS  A 

FIRE  CLIMAX  SPECIES.   HOWEVER,  CONSnERai^LE  ACREAGE"  IS 
OCCUPIED  SOLELY  BY  THIS  SPECIES  WITH  NO  INVASION  BY 
SPRUCE  OR  FIR.   IS  THIS  RELATED  TC  INTENSITY  OP 
•FREQUENCY  OF  FIRE  OP  BO^H?   CR,  IS  THE  PASIC  ECOLOGICAL 
CONCEPT  IN  ERROR?    CONIFEROUS 

FOREST,SUCCESSICN,C0MD£TITI0N,FTPE  INTENSITY, firp 
FREQUENCY, FOP LL ATI  ON 
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218.  02    kl7  RECOGNIZING  THAT  SOMETir'ES   FIRE  RESULTS  IN  SCTL 

LOSS  AND  RESULTANT  DEGRADATION  OF  STR«^AM  CHANNEL 
QUALITY,  WHAT  TIME  FRAME  CAN  5E  EXPECTED  TO  NATUPALLY 
RESTORE  STPEAP  PEGIPEN  TO  A  LEVEL  TO  SUPPORT  FISHERIES 
AFTF^  THE  WATERSHED  HAS  BEEN  STAfllLIZEO''  CAN  THIS  RE 
ARTIFICIALLY  REGENERATED  THROUGH  THE  INTROniJC  TI  ON  OF 
FERTILIZERS,  MICROORGANISMS  AND  AQUATIC  HIOTA? 
STREAH,FIRE  EFFECTS, FISH, SOIL 

ERCSION,TIMNG,WATERSHEO,NUTRIENTS,MICROOPGANISP,ECCSYST 
EM 

219.  02    '♦21    WHEN,  WHERE,  AND  HOW  CAN  WE  "EST  USE  FI^E  TO 

RECLAIM  FORcST  OPENINGS  INVADED  ^Y  CONIFERS  IN  THE 
ADSENCE  OF  FIRE,  THEREBY  IMPROVING  WILDLIFE  HAPTTAT  IN 
THE  NORTHERN  ROCKY  FOUNTAINS?    CCMP^TITION, FIPE 
EXCLUSION, SPECIES 

DIVERSITY, WTLnLIFE, SUCCESS ION, COMMUNITY, PRESCRI BET 
FIRE, MOSAIC 

220.  02    '♦23    WHEN  dREPARIMG  A  LODGEPCLE  CLEARCUT  UNIT  FOR  SLASH 

OISPCSAL  WHERE  CONE  SEPOTINY  IS  KNOWN  TO  EXIST,  IS  IT 
BETTER  TO  BROADCAST  9URN  OR  WINPRCW  AND  BURN  THE  SLASH? 
WILL  EITHER  RESULT  IN  GETTER  REGENERATION  OF  SE'^OLINGS? 
SEED, ORGAN, HUMAN  DISTUP^^ANCE,  PRESCRIBED  FIRc^FUEL 
REDUCTION, REPROnUCT I ON, CONIFEROUS  FOREST 

221.  02    kZa  WHAT  IS  A  PRACTICAL  AND  ECONOMICAL  MEANS  OF 

ALLEVIATING  THE  NEGATIVE  EFFECTS  CF  DEEP  ASH  BEDS  IK 
OBTAINING  NATURAL  AND/OR  ARTIFICIAL  REGENERATION  C«^ 
OOUGLAS-FIR  IN  THE  INLAND  EMPTPc? 

ASH,REPRODUCTION,FU'="L  REOUCTI  CN,  PL  ANTING,  CONI  FEROUS 
FOREST 

222.  02    523    DOES  LOGGING  AND  BUPNTNG  THE  SLASH  RESULT  IN 

SIGNIFICANTLY  LESS  SOIL  FERTILITY  AND  LOSS  OF  NUTPIFNTS 
COMPARED  TO  AN  AREA  THAT  HA^  BEEN  COMPLETELY  BURNED'' 
CAN  KUTRI'^NTS  LOST  PECAUSE  OF  TIMBER  REMOVAL  BE  REPLACED 
CHEAPLY  BY  AOPLTCATION  OF  COMMEt^CIAL  FERTILIZER? 
MANIPULATION  COHPA  R  TSON,  NUT«?  lENTS  ,  F  TRE  EFFtr'TS,  FUEL 
REDUCTION, COMPOUNDS, HUM AN  01 STURR ANCE , SOIL 

223.  02    S^U  WHEN  IS  Tme  OPTIMUM  TIME  TO  DIRECT  SEED  AN'^/OR 

OLANT  AFTER  A  SUMMER  FIRE?    TIMI NG , PLANTING, FIRE 
EFFECTS, CLIMATE 

22'+.   02    bkb  TO  WHAT  DEGREE  IS  RITTERBRUSH  REGEN^'RAT  TON  LIMITED 

BY  THE  PLANTING  OF  VARIOUS  CCMOETITIVE  GRASSES  AS  AN 
EROSION  CONTROL  FOLLOWING  RURNS  IN  THE  DOUGLAS 
FIR-MOUNTAIK  BRUSH  70NES?    FI^E 
EFFECTS, RE  PRO OUCTI OK, COM PETIT TON, SOIL  EROSION, PL  ANTING 

225.  02    6^6    WHAT  ARE  SUCCESSION  PATTERNS  FOLLOWING  SPRING  AMD 

FALL  BURNING  OF  LODGE  POLE  PINE  IN  EASTERN  IDAHO? 
PRESCRIBED  FI RF , CONIFE ROUS  fqrEST , SUCCESSION, TIMT NG 

226.  02    e^^e    WHAT  IS  BEST  TIMING  OF  BURNS  TO  PRODUCE  OPTIMUM 

REGENERATION  OF  BROWSE  SPECIES  IN  DOUGLAS  FIR  STANDS? 
SHRUB  UNDEPSTOPY, WILD LIE r,RFPRO0UCT ION, PRcSCRIPED 
FIRE, FIRE  Ei^FECTS, CONIFEROUS  FOREST 
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227.  02    6'+7    HOW  TO  EVALUATE  TH"^  COSTS  OF  FIRE  SUPPRESSION  AND 

RESOURCE  DESTRUCTION  WITH  EARTH  PCVING  EQUTPMEMT  AS 
COMPARED  WITH  TIMRER  VALUES  BEING  DESTPOVEH  IN  WILD^IpE 
SITUATIONS?   IN  WHAT  CASES  WOULD  IT  BE  CHEAPEN  TO  LET  A 
WILDFIRE  BUPN  TO  A  NATURAL  CONTROL  LINE  THAN  TO  SPEND 
WHATEVE"  NECESSARY  TO  CONTROL  IT  I^^'EOIATEL V    ECONOMIC 
EFFECTS, MANIPULATION  COMPARISON, GENERAL  FIRE  MANAGEMENT 

228.  02    S'+g    CAN  BRUSH  FIELDS  BE  BUPNEC  REPEATEDLY  AT  A  FIVE  TO 

TEN  YEAR  INTERVAL  WITHOUT  SERIOUS  DAMAGE  TO  THE  DUALITY 
OR  FERTILITY  OF  THE  SOIL''    FIRE  EFFECTS, FIRE 
FREQUENCY, SOIL, SHRUDL AND 

229.  G2    6Uq    HOW  IMPORTANT  IS  THE  GROUND  TEMPERATUPE,  CAUSFD  DY 

A  FIRE,  TO  THE  SOIL  DUALITY  AND  FEPTILITY?    HEAT 
EFFtCTS, SOIL, FIRE  INTENSITY 

230.  02    6t+q    WILL  pEPEATED  BURNS  IN  SHRUP  COMMUNITIES  CHANGE 

THE  SPECIES  COPPOSITICN?    FIPE  FRPDUENCY ,F IRE 
EFFECTS, SHPUBL AND, SPECIES  DIVERSITY 

231.  02    8?3    HOW  SERIOUS  TS  THE  CRUSTING  EFFECT  OF  THE  Fipc  ASH 

ON  RETARDING  SEEDLING  ESTABLISHMENT? 
ASH, REPRODUCTION, SOIL  STRUCTURE, ORG  AN ISM 

232.  02    823    IS  IT  MANDATOPY  TO  COMPLETELY  CONSUME  THE  HUMUS 

MANTEL  TO  DESTROY  RCOTROT  FUNGUS?    FUEL 
REDUCTION,  SOI L,P DOTS, "^UNGUS 

233.  02    823    TO  WHAT  EXTENT  IS  THE  POTENTIAL  SOIL  EROSION 

HAZARD  IMCRFASED  BY  A  WILDFIRE?   IK  THE  CASE  0^    A 
PRESCRIBED  PURN  ON  A  BRUSH  FIELD?   IN  THE  CASE  OF  A 
PRESCRI'^ED  BUPN  ON  A  CLEARCUT?    SOIL  EROSI  ON ,  oRESCRIBEO 
F IRE, SHRUB  LAN C, MANIPULATION  COMPARISON 

23k,        02    823    WHAT  «"FFECT  DOES  THE  TMf<E^IAT^  RELEASE  OF  NITROGEN 
AND  OTHER  PLANT  NUTRIENTS  HAVE  CN  THE  SUCCESSFUL 
REGENERATION  OF  A  STANP  FOLLOWING  A  FIPE?   HOW  LONG  ARE 
THE  ABOVE  MENTIONED  ELEMENTS  AVAILABLE  TO  NEW  SE=^DLTNGS 
FOLLOWING  THE  FIRE?    FIRE 

INTENSITY, NUTRIENTS,REPROnUCTION,SUCCESSION,ECOSYSTEM,TI 
MING 

235.  02    823    WHAT  EFFECT  DOES  THE  LEACHING  OF  NUTRIENTS  AND  ASH 

INTO  STPEAMS  HAVE  ON  THE  FISHERIES? 
NUTRIENTS, ASH , SIRE  AM, FISH 

236.  C2    82?    WHAT  IS  THE  EXTENT  OF  SfALL  MAMMAL  MORTALITY  IN  A 

FIPE  WITH  RELATIVELY  COMPLETE  C^^AFRING  OF  THE  DUFF 
H0RI70N?    f^UEL  f'EDUCTION  ,  S"  ALL 
MAMMAL,MOPTALITY,POPULATION,LI'^TER 

237.  03    020    00  "NATURAL"  FOREST  FIRES  GENERALLY  LEAD  TO 

ACCELERATED  NLTRTENT  LOSSES  FROM  WATCRSHCDS  IN  AREAS •OF 
RELATIVELY  LOW  PAINFALL  (30")  AND,  IF  SO,  FOR  HOW  LCNG, 
IN  WHAT  FORf  AND  00  THESE  LOSSES  NOTICEABLY  AFFECT 
LOW-ORDERED  (1,2  AND  3»  STREAMS?   WOULD  REMOVAL  OF  TREES 
BY  OTHER  MEANS,  BUT  WITHOUT  LARGE  SCALE  MrcHANICAL 
DISTURBANCE  OF  THE  ^OREST  FLCCP,  VIELO  SIMILAR  RESULTS? 
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23S.   03    020    IS  IT  VALTO  TO  4SSUKF  THAT  CAREFULLY  rONTPOLL^D 

CLEAi?CUTTING,  OR  GROU''  SELECTION,  HIMICS  THE  INTENSITY, 
EXTPNT  AMO  TREOUENCY  OF  "NATUPAL"  FIRE?   HOW  PERVASIVE 
ARE  "EVEN-AGEP"  STAKOS?   MORE  BPOAOLY,  CAN  FIRE  ^E    VO°E 
FULLY  USED  SILVICULTURALLYI  IN  THINKING,  SDf"niFS 
CONVERSION,  BROWSE  f^f  Vt  L  OPHENT,  AESTHETIC  IfPOCVEMFNT, 
ZTC?    PAMPLLATTON 
COMPARISON,PEPRCnuCTICN,COMP£TTTICN,VEGETAT.TON 


239,   03    320    WTTH  THE  OIVEpSITY  INHER^^NT  IN  LAMOSCAD'S  LTKc 
THOSE  CF  RCCKY  mountain  FORESTS,  IS  IT  REASnNA°L'^ 
(POSSIRLE?!  TO  DEVELOP  INVENTORY  SYSTEMS  ANQ  REFTNF 
MOQf^LS  WHICH  DERMIT  PPtHICTICN  OF  FIRE  -XTFMT  "RTQP  TO 
THE  INITIATION  CF  SUPPR-^SS  I CN?   PARTICULARLY,  COUL^  fl 
PRFOICTIVE  SYSTE?"  PE  ^fvELO^EO  WITH  ENOUGH  R-LIAniLTTY 
THAT  MANAGERS  AND  THE  OU9LI'"  WOULO  ACCENT  THEI'  USE  ON 
SPECIFIC  AR^AS  LIKE  NATIONAL  PARKS  ANO  WILD^PNESS  AND 
^''IMTIVF  AREAS?    FIRE  REH  AV  lOR  ,  PUPLIC  "FACTION 

2'+0.   03    021    IF  A  LAYER  OF  "TOnSOIL"  IS  APPLIE"  TO 

SURFAC^-MINEO  AREAS  OUPTNG  THE  RECLAMATION  ^ooGESSf^S, 
COULD  THE  BUPMNG  OF  A  QUICK  GROWING  NURS'^'PY  CPOP  i^nSTc-R 
THE  GERMINATION  OF  PEsllUAL  SE'^'^  CF  FI^E  CLIMAX  NATIVE 
SPECIES  MIXED  IN  THE  TOPSOIL  LAYER'' 
SEED,R'^!3R0ruCTI0N,S'^IL 


2U1.   03    021    WHAT  ARE  THE  CONCURRENT  AND  SHORT  TERM  EFFFCTS 
FIPF  UPON  MASS  MOVE^'ENT  OF  CEBPIS  OCWNSLOP*"  ^Y  SUC" 
GRAVITATIONAL  PROCESSES  AS  FALL,  SLIDE,  ANC  CREEPS 
FUEL  REDUCTION, SOIL  EROSION 


OF 


2«*2.   03 


2  U  3 .   0  3 


2kk.       03 


021    WHAT  "FFECT  DOES  FIRE  HAVE 
«^IRE  INTENSITY, NUTRTEN'^S, ROCK 


ON  ROCK  WEATHERING? 


WHAT 


THE  EFFECTS  OF  FIRE  AND  THE  CONSEOUENCE'^ 


023    WHAT  IS  THE  EFFECT  OF  FIdc  qk  TH"^  POPULATIONS 
FUNGI  WHICH  ACT  AS  VYC0RRHI7AF  AND,  IF  TH£°'^  IS  ANY 
EFFECT,  HOW  DOES  THIS  RELAT"  TO  THE  REGENERATION  CF 
YOUNG  TRE'S? 
PO PUL AT  10 N,F UNGUS,R CO  IS, RFPRO cue T ION, VEGETATION 


2i+5.   ?3    025    CAN  FIPF  B^^  USED  TO  MAINTAIN  A  STAND  OF 

SERVICE'lERRY,  CHOKF ''HER^Y ,  »^T  K  ^APL-,  AND  C^ANOTHI'S 
VIGCUPOUS  CONDITIONS''    PRODUCTIVITY,  SHRU9L  AND 


IN 


34 


2kS,       03 


2k7,       03 


2^8.   3  3 


25  0 .   0  3 


251.   03 


252.   03 


253.   03 


025 

S 

A 


25    HOW  CAN  FIRE  9E  USED  AS  A  HANAGEM^NT  TOOL  POP 
MPROVING  WINTER  BIG  GAME  PAKGES  (IN  PARTICULAR  Miyi 
HRUB-GRASS-EOPg  COMMUNITIES)?    GAME 
NIMAL,  PRO  rue  TI VI TY,  HERBAGE  UNOERST'^RY,SHRURL  AND 


325    WHAT  DOES  FIRE  00  TO  THE  NUTRIENT  CHA CACTFRISTICS 
OF  KEY  SHOUBS  AND  Rf^SULTANT  PALATAPTLITY  AND  US«^ 
PATTERNS  9Y  HERBIVORES?    NUTRIENTS , SHRUBL ANH, HFRRIVORY 

055    COULD  NOT  GREAT  EHUCATICNAL  "BENEFITS  (^U^LTC*  P^ 
OERIVrO  FRCf^  PROGRAM'S  TO  INTERPRET  ONGOING  WILDFIRES'' 
LIGHJNING  STORMS  !^  WILHFIRE,  IF  VIEWED  IN  THF  proPFD 
PERSPECTIVE,  CAN  BE  SEEN  AS  IMPRESSIVE  si  BPfi'JTTFUL 
MANIFESTATIONS  OF  THE  NATURAL  WORLD.   NEITHE"  ARE 
INTRINSICALLY  BAO  OR  EVIL.   WHIL^^  NOT  ALL  LIGHTN-rNG 
FIRfS  CAN  BE  PERMITTED  TO  BURN,  ETUCATIONAL 
OPPORTUNITIES  E^IST  WITH  ALL  PURNS.   YET  VERY  LITTLE  IS 
DONE  BY  RESPONSIBLE  AGENCIES  TO  UTILT7E  THF 
OPPORTUNITIES.    SOCIAL  EFFECTS ,PUBLI C  REACTION 

2«*9.   03    055    HOW  ARE  THE  A-^STHETIC  OUALITIES  OF  WIL"  APi^AS 

AFFECTEO  BY  SUPPRESSION  ACTIVITIES  WHICH  LEAVE  LONG  T^9H 
EVIDENCE  OF  SUCH  ACTIVITIES  fPULLPOZER  US!^,  GAPf^AGf 
DUt^PS  FRO»^  FIPE  CAMPS,  ETC.)?    AFSTHETI CS ,  GENERAL  FIp*^ 
MANAGEM'NT 


Q55    MANY  SCIENTISTS  NOW  RELIEVE  THAT  FIpf  TN  THE 
POPEST  ECOSYSTEM  IS  AN  ECOLOGIC  PAC^OR  OP  UNSUPPASSFD 
=5IGMFTCANCE  AND  IS  TO  A  LARGE  DEGRi^E  RESPONSIpLE  ^ C^ 
"•^OLniNG"  MUCH  OP  THE  PRESENT  BIOTA,  YCT  GOV'T  AGENCY 
PROGRAMS  CCMTINUE  TC  EMPHASIZE  FIRE'S  DESTRUCTION  OF 
LAND.   A  REORIENTATION  OF  AGENCY  EDUCATIONAL  AND 
OPERATIONAL  PROGRAMS  IS  DESPERATELY  NEEnpn.    SOCIAL 
EFFECTS, PyPLIC  PEACTTCN 


MANAGEMENT, "^OIL 


055    WHAT  ARE  THE  ECOLOGICAL  P«^L  ATI  ONSHIPS  RETWEEN  FIPE 
^  HUCKLEBERRIES  IN  THE  NORTHERN  ROCKIES?   VACCTNTUM  SPP. 
ARE  IMPORTANT  IN  TE'^MS  OF  AESTHETIC  VALUES  ^     P^PRV 
PRODUCTION.   IS  FIRE  EXCLUSICN  nI^'TNISHING  THEIP 
A1UN0ANCE?   TO  WHAT  EXTENT  ARE  THEY  hepENDENT  fIFON  FIP«^ 
FOR  PERPETUATION?    SHRUBL AND, PRODUCTIVITY , FIRE 
EXCLUSION, AESTHETICS 

355    WHAT  IS  THE  PUBLIC  ATTITUDE  TOWARDS  THE  NATURAL 
ROLE  OF  FIRE  IN  ECOSYSTEMS?   CAN  THF  SMOKEY  BEAR 
SYNDPOME  BE  TEMPERED  BY  EDUCATICNAL  PROGPAMS,  BOTH  WITH 
LAND  MANAGERS  ^  THE  PUBLIC?    PUBLIC  REACTION 


25tf.   03 


255.  03    055    WHftT  UNIQUE  ECOLOGICAL  ROLE*;  ARE  FTLLFO  ?Y  FlPf 

KILLEO  SNAGS?   WHAT  TREE  SPECIES  FROOUCt  SNAGS  MOST-USED 
3Y  TIROS?    SNAG,RT«?0 

256.  C3    055    WITH  THE  ECOLOGICAL  I^'POPTA^CE  OF  FIRE  SEEMTK'GLY 

RECOGMTZEH  ny  FEDERAL  AGENCIES,  WHY  OOtS  THE  SMOKEY  BEAR 
PROPAGANDA  ►'ACHINE  CRONE  ON  WITH  THE  IHPLICATION  THAT 
FIRE  IS  INHERENTLY  "AD  AND  THAT  "LAND"  IS  DESTPOYEC  !^Y 
FIRE?    VALUE  JUHGEHENTtPUBLIC  REACTICN 

257.  03    109    CAN  CCNTPOLLEC  "BURNING  PF  USEH  TO  REJUVENATE 

DECADENT  STANCS  OF  SHRUPS  ON  BIG  GAME  WINTER  RANGE?   HOW 
DO  SHRUBS  RESDQNO  TO  BURNING  AT  VARIOUS  AMOUNTS  OF  FINE 
FUEL  IN  THE  UMHERSTCRY,  AND  CN  VARIOUS  SOIL  TYPES'*   WHAT 
ARE  TH-:  RESPONSES  AS  EX^RESSFC  IN  NUiflER  ANO  LENGTH  OF 
NEW  SPROUTS  (INITIAL  RESPONSES  AND  f^ORTALITY/SURVT VAL 
LATER),  HERBAGE  °R0nUCTION,  AND  CHEMICAL  CONTENT  OF  N«^W 
GROWTH?    PPESCRIREC 

FIRF,SHRUnLAND,REPRCrUCTION,FROnUCTTVITY,STEM,V(ORTflLITY, 
HERBAGE  UNPERSTCRY, NUTRIENTS , GAME  ANIMAL 

258.  -33    109    HOW  COES  FIRE  SUPPRESSION  AFPt^CT  THE  AMOUNT  OF 

WINTER  RANGE  AVAILABLE  TO  MULE  DEEP,  WHITETAIL  DEE"^,  A  NO 
ELK  HERDS?   CAN  A  "LET  TURN"  POLICY  BE  OEVELOpED  TO 
MAINTAIN  PRESENT  WINTER  RANGES  ANO  DEVFLOP  NEW  ONES? 
FIRE  FXrLUSION,GAME  ANI ^aL , PRODUCTI VI TY 

259.  03    1C9    HOW  DOES  THE  BURNING  OF  SLASH,  FOLLOWING  LOGGING 

PRACTICES,  RELATE  TO  SUBSEQUENT  SCIL  EROSION  AND  STREAM 
SILTATION**   HOW  DOES  THE  BURNING  CF  PILES  OF  SLASH 
AFFECT  THE  STRUCTURE,  ORGANIC  MATTEL,  WATER  HOLDING 
CAPACITY,  CHEMICAL  CONTENT,  ANO  ERODIBILITY  OF  THE  ^OTL 
BENEATH  THE  SLASH  PILES?    FUEL  PEOUCTION , FUEL 
REDUCTION, SOIL  EROSION, STREAM 

260.  C3    109    WHAT  IS  THE  DEVELOPMENTAL  AND  SUCCESSIONAL  PATTEPN 

OF  UNDERSTORY  PLANT  COMMUNITIES  FCLLOWING  FIRES  OF 
VARIOUS  CH  ARACTFRISTICS''    SUCCESSION  .HERBAGE 
UND^RSTORYtSHRU'^  UNCERSTORY 

261.  03    119    HOW  CAN  ENVIRONMENTAL  FACTORS  (HABITAT  COMPLFXI"^Y, 

SPECIES  COMPOSITION,  ETC.J  np  MANIPULATED  TO  CONTPCL  THE 
SUCESSIONAL  SMALL  MAMMAL  FAUNA?    SPECIES 
DIVt'STTY, SUCCESSION, SMALL  MAMMAL, FUEL 
REDUCTICN, PRESCRIBED  Fioc 

262.  03    119    HOW  IS  IT  POSSIBLE  THAT  SGME  ^OREST  TYPES  OF 

LIMITED  FIRE  EXPERIENCE  (FUEL  P'^DLCTICN)  SUCH  aS 
ENGLEMAN  S PRUCE-SUB ALPINE  FIR  HAVE  PEACHED  CONSIDEPOPLE 
AGE  ANO  STZ'  BUT  APE  AT  TIMES  WIPED  OUT  AND  R'^pLACE"  PY 
LOOGEPOLE  PINE?   THIS  MIGHT  3E  STATFO  DIFFERENTLY,  T»" 
NOT  SURE  HOW.    FIRE  FREQUENCY , SUCCESSION 

263.  03    119    IN  PARTICULAR,  IT  WOULD  BE  OESIPABLE  to  EXAMINE 

THE  POSSIBLE  CONDITIONS  WHICH  HAVE  LEO  UP  TO  SOMc  OF  THE 
LARGE  FIRES  IN  THE  NORTHERN  ROCKIES  SUCH  AS  TH*^  1^10 
FIRE,  THE  PETE  KING  FIPE,  THE  SUN  OANCE  FTRc  ANf^  OT»-ERS. 
WERE  THESE  LAPGE  BECAUSE  OF  FIRE  FPOTECTION  AND 
CONSEQUENT  FUEL  BUILD  UP?    FIPE  EXCLUSION, FI RE 
HISTORY, FUEL/QICMASS  ACCUMULATION 
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261*,       03    119    UNDER  WHAT  CONDITIONS  (TYPES  OF  "UCN  AN^  CUTTING 
COMBINATIONS)  DOES  THE  WOODMOUSE  (PEROMYSCUS  L^^UPCPUS) 
EXHI8IT  INCREASED  POPULATION  CEKSITTES  AND  SU9SE0UENTLY 
CAUSE  SEED  AMC  SEEDLING  LOSS?    MANIPULATION 
COMPARISON, SMALL 
MA  MM  AL  ♦  POPULATI CN,  DENSITY,  SEE  CREFR'^OUCTI  ON 

265.  03    123    DOES  A  WILDFIRE  BECOME  A  MORE  DESTRUCTIVE  PROCESS 

IN  FORESTS  THAT  ARE  SIMULTANEOUSLY  INFLUENCED  BY  INSECTS 
AND/OR  FUNGI  PATHOGENS?    INSECT, FUNGUS 

266.  03    123    HOW  ARE  NON-FTRE-DEPENDENT  TREE  SPECIES  INFLUENCED 

BY  NON-DESTRUCTIVE  GROUND  FIR^S?    GROUND  FIRE 

267.  03    123    WHAT  IS  THE  ACTUAL  RATE  OF  CRGANIC  ^UEL 

ACCUMULATION  IN  CONIFEROUS  FOREST  *?IOMES  (MONTANA  AND 
IDAHO)?   ARE  THESE  PATES  VARIABLE  BETWEEN   0-200  YEARS 
FOLLOWING  FIRE  DISTURBANCE?   CO  FUEL  ACCUMUL A TT ON? 
AFFECT  THE  PATE  OF  PRODUCTIVITY  OF  TREES,  SHPUBS  ANC 
HERBS?   IF  SO,  IS  THERE  A  CRITICAL  POINT  THAT  CAM  PE 
IDENTIFIED?    FUEL/BIOMASS 

ACCUMULATION, PRODUCTIVITY, SHRUB  UNO ERSTORY, HERB  AGE 
UNOERSTORY 

268.  03    123    WHAT  IS  THE  BASIC  LANDSCAPE  MOSAIC  ( VEGET ATIOh AL 

LIFE-FORM  COMPLEX)  THAT  WILL  EXHIBIT  FIRE  CCNTOOL  OP 
CONTAINMENT  PROPERTIES  ON  A  GIVEN  TOMOGRAPHIC  SITE?   HOW 
CAN  A  MOSAIC  EFFECT  BE  MFflSURED''    MOSAIC, FIRE 
BEHAVinR,FLAMMARILITY 

269.  03    123    WHAT  SPECIES  CF  ANIMALS  ARE  SPECIFICALLY  flFFF^TED 

TY  THE  GRADUAL  REDUCTION  OF  PLANT  COHHUNITY  LIFE-FCM 
DIVERSITY?    ANIMALS, SPECIES  DIVERSITY 

270.  03    137    COULD  LOGGING  SIMULATE  THE  EFFECTS  OF  NATURAL 

PIPES?   IF  SO,  HOW  CAN  THIS  BEST  BE  ACCOMOLTSM^n  in 
VARIOUS  REPRESENTATIVE  HABITAT  TYPES,  KEEPING  FINANCIAL 
CONSTRAINTS  IN  MIND?    MANIPULATICN  COMPARISON 

271.  "03    137    WHAT  AR^  THE  PATTERNS  AND  EFFECTS  OF  LITTER 

ACCUMMULATION  AND  FIEL  BUILDUP  WITH  FIRE  SUPPRESSION  IN 
REP'^^ESENTATIVE  CONIFEROUS  FOREST  COMMUNITIES  (HABITAT 
TYPES)  IN  THE  NORTHERN  ROCKIES?   HOW  WILL  FIRE  FXCLUSION 
AFFECT  VIGOR,  DISEASE  RESISTANCE,  AND  REGENERATION  OF  A 
VARIETY  OF  SI VICUL TURALLY  MANAGED  STANDS?   (USING  OUP 
LOW-INTENSITY  SILVICULTURE  AS  THE  REFERENCE  POINT) 
FIRE  EVCLU  SION,  LI  ITER,  FUEL/ BIC>^  ASS 
ACCUMUL ATI CN.PPOOUCTIV IT Y, DISEASE, REPRODUCTION 

272.  03    138    HOW  DOES  USE  OF  POST-HAPVEST  oRESCRIPED  FI^E 

AFFECT  SOIL  CHARACTER,  HYDROLOGY,  NUTRIENT  "ALANCE  I 
OFF-SITE  TRANSPORT  OF  NUTRIENTS?   HOW  DOES  THIS 
INTERRELATE  WITH  VOLUME  OF  RESIDUE  MATERIAL  LEFT  ON 
GROUND  TO  BURN?   UN^ER  INTENSIVE  RESIDUE  UTILIZATION 
PRACTICES,  THEPt  WILL  BE  LITTLE  LEFT  ON  THE  AREA  TO 
BURN.    PPESCRIBED  FIRE, SOI L, HYDROLOGY, NUTRIFMTS, FUEL 
REDUCTION, FUEL  "EDUCTION 
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273.   03 


ZZt*.   03 


275.   03 


276.   03 


m,     C3 


278.   03 


279.   03 


280.   03 


138    HOW  PUCH  I^^PACT  QO^S  riRF  POLICY  (FXCLUSTON, 
CONTROL,  PRESCRIBED  FIRE,  SLASH  RFOUCTION  PRACTICES, 


ETC.)  HAVE  ON  THE 
RFSIDUfS  IN  ROCKY 
INCLUDE  ALL  DEAD 
THINNING  SLASH!  . 
ACCU'^ULATION 


O'^VELOPMEMT  AND  flCCUMMLATION  OF  wnOD 
HOUNTAIN  TIMBER  TYPES'   (PESTOUFS  TO 
MATERIAL,  AS  WELL  AS  LOGGING  OR 
GENERAL  FIRE  H  ANAGEMENT  ,  FI/t^L/BIOMASS 


138    MOST  HARVESTING  PRACTICES  RESULT  IN  R"^- ARRANG ING 
AND  RE-aiSTPIBUTING  FUELS--  FOR  EXAMPLE,  SKYLINE  ROAHS 
1AY  HAVE  HEAVY  ACCUMULATIONS  OF  LIGHT  FUELS  UMOFP  THE 
SKYLINE,  WITH  VERY  LITTLE  LEFT  OUT  PETWEEN  SKYLINE 
SETTINGS.   IF  PCST-HARVFST  SITt^  TREATMENT  INCLUOFS 
RURNTNG,  WHAT  EFc^ECTS  WILL  THE  FUEL  DISTRinUTICN  PATTEPN 
HAVE  ON  SOILS,  HYDROLOGY,  NUTRIENT  AV A IL AHILI T v , 
MICROBIAL  ACTIVITY,  ^  OTHER  RIOLOGICAL  ATTRinijTES? 
MANIPULATICN  COMPAR  ISON , FUEL /BT CM  ASS 
AC CUMULATION, MOSAIC, 70 MAT I  ON, SOIL, HYOPOLOGY, NUTRIENTS 

138    WILL  FX^LUSIO^  CF  POST-HARVEST  (LOGGING)  USE  OF 
FIRE  (WHICH  MAY  f^E  NECESSITATED  IF  RESIDUE  UTILIZATION 
IS  INTENSIVE)  HAVE  SERIOUS  ^^FFECTS  UPON  STAND 
PEG-NERATTON?   IF  SO,  IS  THERE  A  ^EEO  TO  PRESCRI'^E 
RtSIDUF  UTILIZATION  STANDARDS  IN  SUCH  A  MANNER  THAT  SOME 
FUELS  ARE  LEFT  ON-SITE  TO  CARRY  A  FIRE?    FIR' 
EXCLUSION, FUEL  PEOUCT ION, REPROOUCT ICN,COMMUNI Tr 

li+0    WHAT  IS  THE  NATURE  AND  PATE  OF  ORGANIC  MATTFp 
ACCUMULATION  AND  DECOMP'^SITT  ON  ON  DTFFEPENT  NO^^thtdn 
ROCKY  MOUNTAIN  FORfSTED  ECOSYSTEMS?  MOW  00  THEY  CHANGE 
WITH  STAND  AGE?   HOW  ARF  THEY  AFFECT£D  BY  PERIODIC, 
CATASTROPHIC  AND  t;NDF''TC  IMFLUENCES  LIKE  DISEASE,  INSECT 
AND  WINOTHROW?  (A  LPNG-TEPM  ^'C^!^L  WILL  PROBABLY  ^"^ 
NEEDED  FOR  AT  LEAST  10  TvPtS.   ALSO,  AVERAGE  fIP=^ 
FREOMENCY  WILL  NF^^D  TO  B  ■="  TTEO  TO  "fiCH  TYPr.) 
FUEL/BIOMASS 
ACCU'-^ULATIOM,  AGF,PTSEASE,  INSECT,  W  INDTHROW  ,  ^ir^  ppppuFNCY 


\i^Z  ARE  BRUSH 

REGi'MERATICK  OF 
DRY  cXPOSURES? 


CYCLED  NECESSARY  TO  SUCCESSFUL 
CONTFEP  STANDS  ON  SITES  WITH  SEVERF  OP 
SHFUBLANO,RE=RCnuCTI CN 


it+2    Ah!E  PERIOniC  FIRES  NEEDED  TC  MAINTAIN  PATHOGEN 
POPULATIONS  IN  PROPER  BALANCE  WITH  OTHER  COMPONENTS  OF 
THE  ECOSYSTEM,  OR  MORE  SPECIFICALLY,  ARE  PERIODIC 
SANITISING  EFFECTS  OF  FIRE  NEEDED  TO  MAINTAIN  Hi^ALTHY 
GROWTH  OF  TREES?    FIRE  FREDUENCY, DISEASE 

l'*2    CONSIDERING  MANY  ROTATIONS,  HOW  MUCH  TREE  MATcpiflt 
SUCH  AS  NEEDLES  AND  BRANCHWOOD  SHOULD  BE  LEFT  tn  THE 
FOREST  AFT£P  HARVESTING  IN  CRCEP  TC  FURNISH  NUTRIENTS  TO 
THE  SUCCEEDING  FOPEST  CROp  WITHOUT  LONG-TFPM  LOS«^  OF 
PPOruCTIVITY?   WHEN  MINIMUM  AMOUNTS  0*^  PESIDUE  ARE  LEFT, 
IS  FIRE  TREATMENT  D'SIRABLE  OR  UNDESTRABL'^''    FUEL 
REDUCTION, NUTRIENTS, PRODUCTIVITY, MANIPULATION  COMPARISON 

1^42    HOW  LONG  CAN  ROCKY  MOUNTAIN  BRUSHFIELDS  Bt  KEPT  IN 
BRUSH  USING  REPEATED  FIRE  WITHOUT  REDUCTION  IN  PLANT  AND 
ANIMAL  PRODLCTIVITIES?    SHRUPL ANP , FIRE 
FREQUENCY, SUCCESSION, PRODUCTIVITY 
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281.  03    li42  HOW  SIGNIFICANT  IS  PERICOIC  FIRE  IN  THE  A,  CAPRON 

CYCLEt  AND  B.  NUTRI*^NT  CYCLE  IN  A  Ff^RFST  STANO?    FIRE 
FREQUENCY, NUTRIENTS 

282.  C3    1«*2    IF  FIRE  IS  ABSENT  FRO^  ROCKY  MOUNTAIN  FORESTS  FOR 

MANY  TIMES  THE  NORMAL  FIRE  FREQUENCY,  WILL  A.  DEAD  FUEL 
ACCUMULATION  ON  THE  FOREST  FLCOP  BALANCE  HFCOMPOS IT  ION, 
AND  R.  WILL  PRODUCTIVITY  BE  REDUCED,  EVEN  IF  NEW  STANDS 
ARE  PLANTED?    FIRE  EXCLUS TON, FUEL/31 CMA SS 
ACCUwULATICK,OECOMPCSITION,PPODUCTIVITY 

283.  03    m2    WHAT  ARE  THE  RELATIONSHIPS  PETWEEN  FIRE  INT«^NSITY 

AND  TURN  nuPATICN  AND»  A.  AVAILATILITY  OF  ESSENTIAL 

PLANT  NUTRIENTS  8.  LOSS  OF  "ESSENTIAL  PLANT  NUTRIENTS 

FROM  UPPER  SOIL  LAYERS  C.  POPULATION  DYNAMICS  OF  SOIL 

FUNGI  AND  BACTERIA  n.  POPULATION  DYNAMICS  OF  SOIL  FAUNA. 

FIRE 

INTENSITY,  TIMING,NUTRIFNTS,SniL,»^UNGUS,MICROORGANIS»' 

28«+.   33    1«»2    WHAT  MAN-MADE  ACCUMULATIONS,  SUCH  AS  SLASH  FPC" 

HARVISTING,  WILL,  IF  PRESCRIBED  BLRNEO,  ''ESUL^  IN  SOIL 

TAMAGE  AND  IMPAIRMENT  OF  SITE  QUALITY?  FU^^L 
REDUCTION, SOIL,  PRfSCRir^EO  FIRE 

285.  ]3    li+5    IS  THERE  AN  OPPORTUNITY  TO  USE  FIRE  MANAGEMtnT  IN 

THE  POSSIBLE  CONTROL  OR  MANIPULATION  OF  INSFCT 
POPULATIONS  WHICH  MAY  S^ENO  ALL  OR  °ART  OF  THFIR  LIFE 
CYCLE  IN  TH^  LITTEP  OR  DUFF  OR  EVEN  ON  LOW  GROWING 
VEGETATION?    I NSECT , LI ITER 

286.  33    li*5    MANY  SPECIES  CF  FOREST  INSECTS  DO  THEI"  BEST 

WITHIN  DYING  OR  WEAVfENED  MATERIAL.   WHAT  EFFECT  DO  TREES 
DAMAGED  OR  WEAKENED  BY  FIRE  HAVE  IN  THE  nEVP'LOPMCNT  OF 
OUTBREAKS  CF  THOSE  SPECIES  OF  FOREST  INSECTS  WHICH 
DEPEND  ON  WEAKENED  OR  DYING  MATERIAL  TO  DEVELOP? 
MORTALITY,  INS ECT , PQPUL AT  I  ON 

287.  03    lk5  WHAT  INFLUENCE  MIGHT  EXTENSIVE  AREAS  OF  FOPE'"TS 

KILLED  OR  SEVERELY  CEFOLIATEH  PY  FOREST  INSECTS  HAVE  ON 
DECISIONS  CONCERNING  FI^E  SUPPRESSION  OR  FIRE  ^XCLUSTOM. 
(A  GOOD  SHAPE  OF  THE  SLEEPING  CHILD  FIRE  IN  THE 
BITTERROOT  NOT  TOO  LONG  AGO  ROARED  THROUGH  STANDS  OF 
LODGEPOLE  PINE  CONTAINING  A  GOOD  PANV  CUBIC  F£ET  OF 
DOWNED  MATERIAL  RESULTING  PPCH  A  WIDESPREAD  OUTBREAK  OF 
THE  MOUNTAIN  PINE  BEETLE  IN  THE  '30 'S  AND  'i*0'S.» 
INSECT, FUEL/P.IOMASS  ACCUMUL  AT  ION  »  F  IP£  EXCLUSI  ON  tFIPE 
BEHAVIOR,MORTALTTY, GENERAL  FIRE  MANAGEMENT 

288.  03    IkS  WHAT  IS  THE  EFFECT  OF  VARYING  INTENSITIES  OF 

GROUND  FIRES  ON  INSFCTS  AND  OTHER  ARTHROPODS  INHABITING 
THE  LITTER,  DUFF  AND  SOIL  IN  DIFFERENT  SOIL  TYPES, 
f^ORFST  TYPES,  SLOPES  ETC.?    FIRE  INTENSITV,  GROUND 
FIRE, ARTHROPODS, LI  TIER, SOIL 

289.  03    lt»6    DO  F IRE-ALLEL  CPATHIC  RELATIONSHIPS  EXIST  IN 

NORTHERN  ROCKY  MOUNTAIN  PQNDEROSA  PINE  STANDS? 
ALLELOPATHY, EXPERIMENT  ORIENTED  QU^^STION 
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290.  03    l^+e    IS  PIPE  PeRIOniCITY  IN  FACT  GOVERNED,  TO  ft  LARGE 

EXTENT,  BY  THE  OCCURRENCE  ANO  TIMING  OF  INSECT  ATTACKS, 
DISEASE  OUTBREAKS,  WINDSTORMS,  AND  PREVIOUS  FIPES'' 
FIRE  FREQUENCY,  INSECT  ,  DISEASE  ,WIN[:THR0W 

291.  03    lh6  WHAT  IS  THE  QUANTITATIVE  RELATIONSHIP  BETWEEN  FIQF 

(OR  FIRE  EXCLUSION)  AND  THE  ACCUMULATION  OF  OEAO  ORGANIC 
MATTER  CN  THE  FOREST  FLOOR  OF  NORTHERN  ROCKY  MOUNTAIN 
CONIFEROUS  FORESTS?   HOW  DOES  THIS  RELATIONSHIP  VARY  ( ^Y 
HABITAT  TYPE,  ETC.)''    fire  FREQUENCY  ,  FI)EL/BI  OMASS 
ACCUHULATICN,FUEL  RFOUCTION 

292.  03    Ik?  CAN  WE  DEVELOP  A  LOGICAL  GENERIC  CLASSIFICATION, 

OR  NOMENCLATURE,  OF  FIRE  EFFECTS,  BASED  ON  "MANAGEMENT" 
OR  ECOLOGICAL  OBJECTIVES''   FOR  EXAMPLE,  "LIMITED  FREE 
BURNING"  SHOULD  FIT  INTO  SOME  CLASSIFICATION  BY 
ECOLOGICAL  OBJECTIVES,  SUCH  AS  WILDERNESS  MANAG«-MENT, 
WHOSE  DESIR'^D  CH  AKflCTERIST  IC  COULC    BE  QUITE  DIFFEPENT 
FPOh-  "LIMITED  FREE  BURNING"  FOR  HAZARD  ^EDUCTION  IN 
TIMBE"?  PRODUCTION.   IN  LATTER  CASES,  LIMITING  TREE 
MORTALITY  MAY  BE  THE  MOST  IMPOPTANT  CONSIDERATION,  WHIL^ 
CONTAINMENT  WITHIN  THE  MANAGEMENT  UNIT  MAY  BE  THE  MAIN 
CONSIDERATION  IN  WILDERNESS  MANAGEMENT.    EXPERIMENT 
ORIENTED  OUESTICN 

293.  03    147    HOW  CAN  WE  ISOLATE  LONG-TERH  FIRE  EFFECTS  ON  AN 

ECOSYSTEM  FROM  SHOPT-TERM  FACTORS  AFFECTING  SYSTEM'S, 
SUCH  AS  AIR  POLLUTICN,  BOUNDARY  ENCROACHMENT  TO 
WILDERNESS,  ANO  SO  FORTH?    GENERAL  FIRE 
MANAGEMENT, TIMING 

Z9k,       03    lt+7    WHAT  ARE  BOUNDARY  CONDITIONS  ^MAXIMUM  AND  MINIMUM 
VALUES  FOR  VACTOUS  FIRE  ATTPIBUTES)  WHEREIN  PIPE  CAN 
CAUSE  IRREVERSIBLE  ECOLOGICAL  CHANGES  BY  ALTERING 
ECOLCGIC,  MICRO-METFOROLOGIC,  AND  OTHER  FACTORS? 
GENERAL  FIRl  M  ANAGE'^ENT  ,  "^IRE  BEHAVIOR 

295.  C3    l<t8    DOES  MAINTAINING  AN  AREA  IN  LOW  LIFE-FORM 

VEGETATION  AT  LOW  ELEVATION  (  2"=^  0  0 -i*  "0  0  f'ET,     NORTHcpn 
IDAHO)  AFFECT  TH^  TIMING  OF  SPRING  RUNOFF  SIGNIFICANTLY? 
HYORCL0GY,TIMING,SUCCESSI0N,SI-RUBLAND 

296.  -03    lUfl    WHAT  ARE  PREDICTED  (SIMULATED)  LONG  TERM  EFFECTS 

ON  SOIL  FERTILITY  OF  MAINTAINING  AN  A^EA,  THAT  NORMALLY 
SUCCEEDS  TO  TREE  VEGETATION,  IN  A  LOWEP  LIFE-FORM, 
NAMELY  SHRUBS  ANO  HERBACEOUS  VEGETATICN?    FIRf 
FREQUENCY, SUCCESSION , SHRUB  UN CERS TO RY , NUTRIENTS 

297.  03    iffft    WHAT  ARE  THE  SPECIFIC  ON-SITE  SHORT  TERM  EFFECTS 

OF  3URNING  BRUSHFIELCS  ON  SOIL  MOVEMENTS  IN  QU'VNTIT ATI VE 
TERNS?    SHPUBLANC'^OIL  EROSICN 

298.  C3    lt*9    THE  NATURAL  HISTORY  OF  THE  NORTHERN  ROCKIES 

SUGGESTS  THAT  SOME  INSECT  ANC  DISEASE  PESTS  HAVE  PFEW 
STRONGLY  INFLLENCEO  BY  WILDFIRE.   HAS  THE  CONTROL  OF  ANY 
INSECT  OR  DISEASE  PESTS  BY  WILDFIRE  PRECLUDED  TWE 
DEVELOPMENT  OF  STRONG  GENETIC  RESISTANCE  MfCHANISMS  IN 
HOST  SPECItS?    INSECT, DISEASE, GENETIC  RESPONSE 
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299.  03    li*9  OBSERVATION  OF  THE  PATTERN  CF  LIVE  TREES  SURVIVING 

MAJOR  WILDFIRES  SUGGESTS  A  POPULATION  STRUCTUR*^  IDEAL 
FOR  GENETIC  DRIFT.  TO  WHAT  EXTENT  HAS  GENETIC  HRIFT 
PLAYED  A  MORE  SIGMFICANT  EVOLUTIONARY  ROLE  IN  THE 
NORTHERN  ROCKY  MOUNTAINS  THAN  IN  OTHER  NORTH  TEMPERATE 
REGIONS?  ARE  NONAOAFTIVE  TRAITS  MCPE  PREVALENT  IN 
NORTHERN  ROCKY  MOUNTAIN  CONIFERS  THAN  IN  CONIFERS  OF 
OTHER  NORTH  TEMPERATE  REGIONS?    GENETIC 
RESPONSE, POPULATION 

300.  G3    lt»9    THERE  IS  EVIDENCE  IN  JACK  PINE  AND  LODGEPOLE  PINE, 

AND  CERTAIN  OTHER  SEROTINOUS  CONE  PINES,  THAT  CONE 
SEROTINY  IS  CONTROLLED  3Y  A  SINGLE  AOOITI VE-EFFECT  GENE 
"AIR.   HAS  THIS  BEEN  CONFIRMED  YET  IN  LO'^GEPOLE  PINE? 
IF  IT  IS  TRUE,  WHAT  ARE  THE  IMPLICATIONS  FOR  THE 
LOOGEPOLE  PINE  MANAGER?    GENETTC  RESPOMSF 

301.  03    151    HOW  LARGE  MUST  A  FOREST  FIRE  BE  TO  ACTUALLY  KILL 

ANY  BIG  GAME  ANIMALS,  ANH  WHAT  PERCENTAG<^  OF  SUCH 
POPULATIONS  ARE  KILLED  (IF  ANY)  BY  LAFGE  FIRES?    AREA 
SIZE, GAME  ANIMAL, MORTALITY 

302.  03    151    HOW  MUCH  VARIATION  IN  POST-FIRE  SUCCESSIONAL 

PATTERNS  CAN  BE  ASSOCIATED  WITH  (A»  SUPPRESSION  ACTIVITY 
THAT  lengthen;  THE  FIRE  CYCLE  AND  PRESUMABLY  INCREASES 
EVENTUAL  BURNING  SEVERITY,  AND  (8)  pRESCRIPEO  PURNING 
UNDER  LESS  THAN  IDEAL  BURNING  CONCITIONS,  I.E.,  HIGH 
MOISTURE  LEVELS  AND  WET  SOILS?    SUCCESSION, FIPE 
EXCLUSION, FUEL /BIOM ASS  ACCUMU LA T I CN , PRESCRIBED 
FIRE, CLIMATE, TIMING 

303.  03    151    HOW  MUCH  VARIATION  IN  RESPRCUTING  RESPONSE 

FOLLOWING  FIRE  CAN  RE  EXPECTED  AMONG  THE  COMMON  SHPLB 
SPECIES  OF  THE  BOREAL  FOREST?   WHAT  MIGHT  BE  COMPARATIVE 
RESPROUTING  RESPONSES  0^  PARTIALLY  BURNED  SHRUBS,  AS 
COMPARED  TC  THOSE  ON  WHICH  THE  CRCWN  IS  COMPLETELY 
KILLED?    SHRUBL A NO, REPRODUCTION, MORTALITY 

30<t.   33    151    WHAT  ARE  THE  IMMEDIATE  EFFECTS  OF  '^OREST  FIPE  ASH 
TRANSPORT  IN  STREAMS,  HOW  MUCH  IS  AQUATIC  LIFE  ACTUALLY 
AFFECTED,  AND  HOW  LONG  DOES  THE  EFFECT  LAST? 
ASH,  STREAM, IN  SECT, FISH, TIMING 

305.  G3    151    WHAT  ARE  THE  RELATIONSHIPS  AMONG  BURNING  SEVERITY, 

SOIL  BACTERIAL  POPULATIONS  AND  NITROGEN  CYCLING  TN 

FOREST  SOILS?    FIRE 

IN TENSITY, MICRO ORGANISM, SOIL, NUTRIENTS 

306.  03    15'+    ARE  THERE  POSITIVE  COPRELATTCNS  BETWEEN  THOSE 

NUTRIENTS  IN  UNIQUELY  HIGH  DEMAND  BY  FIRE  ADAPTED  PLANT 
SPECIES  AND  THOSE  NUTRIENTS  FOUND  IN  GREATEST  QUANTITIES 
IN  THE  ASH  FROM  FOREST  ^IRES?    NUTOIENTS, ASH , VEGETATION 

307.  03    15k  HOW  DO  SOIL  ORGANISMS  RESPOND  TO  FIRES  OF  VARIOUS 

INTENSITIES  A NC  CONSEQUENT  SOIL  CHEMISTRY  ALTEPATIONS? 
SOIL, FIRE  INTENSITY, NUTRIENTS 
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3C8.   03    15U    IN  THE  ABSENCE  OF  FIRE,  WHAT  IS  THE  RATE  OF  TIE-UP 
OF  BIOLOGICALLY  IMPORTANT  NUTRIENTS  IN  THE  ^OR^    OF  DEAD, 
UNOECOMPOSEO  ^LANT  MATERIAL?   WHAT  IS  THE  RATE  OF 
PRODUCTION  OF  DEAD  »^ATEPIAL  OF  PLANT  CRIGIN  AND  THE  RATE 
OF  DECOMPOSITION  (SANS  FIREJ,  ESPECIALLY  IN  THOSE  PLANT 
COMMUNITIES  MOST  IMPORTAMT  TO  ^AN)  IN  TcrmS  OF 
PRODUCTIVITY?    FIPE  EVCLUSI  CN  ,  NUTRIENTS  ,  FUEL/BIO^'ASS 
ACCUMUL AT  I  ON, DECOMPOSITION, PRODUCTIVITY 

309.  03    IS'*    WHAT  ARE  THE  ^'ECHANIS^'S  AND  DOMINANT  VA'TBLES 

WHICH  DETERMINE  THE  OCCURRENCE  AND  LEVEL  OF  INSECT 
ATTACKS  IN  pESPONSE  TO  BURNING?   WHAT  TREES,  AS  AFFECTED 
BY  FIRE,  APE  MOST  SUSCEPTIBLE  TO  ATTACK?   IN  papTICULAR, 
HOW  DOES  SEASONAL  TIMING  OF  THE  ^IRE  INFLUENCE  THE  PATE 
AND  LEVEL  OF  INFESTATION?    EXPERIMENT  ORIENTED 
QUESTION,INSECT,HFPOIVOPY,TIMING 

310.  C3    151*  WHAT  IS  THE  ADJUSTMENT  IN  ECOLOGICAL  SUGCESSIONAL 

STATE,  IN  GIVEN  ^LANT  COMMUNITIES,  TN  RESPONSE  TO  FIR"<^ 
OF  VARYING  INTENSITY  AND  CHARACTFR-?   IN  PLANT 
COMMUNITIES,  WHICH  HAVE  FOR  EONS  OF  TIME  PEEN  MATMAINED 
9Y  FIRE,  WHAT  IS  THE  PROBABLE  BIOLOGICAL  TERMINUS  IF 
<^IPE  COULD  PE  INDEFINITELY  OMITTED''    SUCCESSION,  FIRE 
INTENSITY, FIRE  EXCLUSION 

311.  03    15^    WHAT  IS  THE  RESPONSE  OF  VEGETATION  (IE.  SHIFTS  TN 

SPECIE'S  COMPOSITION,  CHANG'^S  IN  oRHDUCTION  RATES  WITHIN 
S^ECI'^S,  INJURY  BY  HEATING)  TO  "URNING  AT  VARIOUS  FTRc 
INTENSITIES  A hO  AT  VARIOUS  TIMES  CF  THE  vpflp?   HOW  PO 
TIFPERENT  PLAM  COH»^UMITIES  RESPOND?    SPECIES 
niVERSITY, PRO  rue TIVTTY, HEAT  EFFECTS, FIRE 
INTENSITY, TIMING 

312.  'J3    iSk  WHAT  KINDS  AND  AMOUNT*^  CF  CC^'BUSTION  poonuCTS 

(GASES  AND  PARTICULATES)  AR-^  pf?00UCF0  AND  CARRIED  ALC^T 
IN  A  FIRE  SMOKE  COLUMN?   HOW  CO  THESE  VA^Y  WITH  THE  KTNO 
OF  FUEL  AVAILABLE  AND  ITS  PHYSICAL  STATE? 
NUTPIFNTS, AIR  PCLLUTI CN, SPEC I^S  DIVERSITv 

313.  03    155    FOR  A  GIVEN  ENVIRONMENT,  HOW  HAS  THE  NATURAL  ROLE 

OF  PTRE  VARIED  DUE  TO  OTHER  FACTORS?   «^0R  INSTANCE,  IS 
THE  FREQUENCY  OF  LIGHTNING  OCCUR'^ENCE  BY  GEOGOAPHIC 
AREAS  ENOUGH  DIFFERENT  TO  CONSTITUTE  A  MAJOR  INDEPENDENT 
VARIBLE''   ALSO,  THE  JUXTAPOSITION  OF  DIFFERENT 
ENVIRONMENTS  WITH  RESPECT  TO  EACH  OTHER  ADDS  ANOTHER 
FACTOR  CF  VARIABILITY  IN  PREDICTING  ^IRE  SUSCEPTIBILITY. 
HOS  A  ICZON  AT  I  CN,FLAMMABILITY,  LIGHTNING-CAUSED  FIRE,  APE  0 
SIZE 

31*4.   j3    IS'^    HOW  DOES  FIRE  INTENSITY  VARY  WITHt  STAND  AGE, 

COMPOSITION,  DENSITY,  TOPOGPAPHY,  ASPECT,  ENVIPCNMENT, 
AND  WEATHER?    FIRE  BEHAVIOR 


315.   03    15E    IS  FU^L  ACCUMULATION  REALLY  A  CONTINUOUSLY 

INCR^^ASING  FUNCTION  WITH  TIME?   HAS  THIS  HYPOTHESIS  "EEN 
ADEQUATELY  TESTED?   I  KNOW  IT  ACCUMULATES  VERY  RAPITL'' 
AT  THE  SUCCESSIONAL  POINT  WHERE  THE  SEPAL  STAND  OF 
TIMBER  BREAKS  UP  AND  IS  REPLACED  BY  TOLERANT  SPECIES. 
HOWEVER,  AFTEP  THIS  POINT  IN  TIME  DECOMPOSITION  MAY 
ACCELERATE.    FUEL/niOMASS  ACCUMULATION 
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316.  03    155    WHAT  IS  THE  FIRE  HISTORY  CF  CUR  NATURAL  FOPFST 

STANDS  IN  RcSPECT  TO  (A>  OIFFERENT  ENVIRONMENTS  ANH  (BI 
OIFFERFNT  GEOGRAPHIC  AREAS?   WHAT  ARE  THE  EXPETTf^H 
FREQUENCIES  AND  ACCOMPANYING  INTENSITIES  OF  FIRES  IK 
VARIOUS  HABITAT  TYPES?   WHAT  IS  THE  f?OLE  OP  FIRES  IN 
PP/BUNCHGRASS  SAVANNAHS  IN  CONTRAST  TO  THE  ROLE  OF  FTOP 
IN  AP/WENZTESIA  OR  WRC/PACHISTI^' A  HABITATS''    FIRE 
FREQUENCY, FIRE  INTENSITY 

317.  03    155    WHAT  IS  THE  PFOBABILITY  AND  PPEHICTED  INTENSITY  OF 

A  FIRE  AT  A  GIVEN  POINT  IN  Tlt'E  FOR  A  S'^ECIFTC 
ENVIRONMENT?   I  THINK  WE  NEED  TO  PEGIN  DEVELOPING  MOO'^LS 
(HYPOTHESIS  TO  BE  TESTEQJ  THAT  ARE  ENVIRONMENT  SPECIFIC 
ANO  TIM"  DEPENDENT  TO  ^VPRESS  A  MAJOR  PORTION  OF  THE 
VARIABILITY  OF  THE  ROLE  OF  FIRE  IK  CONIPt^RCUS  FO<^ESTS. 
FIRE  INTENSITY 

318.  03    156    WHAT  ARE  THE  SHORT  ANH  LONG-TERM  EFFECTS  OF  FIRES 

DF  DIFFERENT  INTENSITIES  (INCLUDING  NO  FlPr)  ON  THE 
MICRCFLCRA  AND  MICROFAUNA  OP  THE  FOREST  FLOOR  (INCLUDING 
DUFF  AND  FERMENTATION  LAYERS  AS  WELL  AS  MINERAL  SOIL)  ON 
DIFFERENT  ECOLOGICAL  HABITAT  TYPES''   THIS  SHOULD  INrtUOF 
THOSE  ORGANISMS  GENERALLY  REGAROEC  PENEFICIAL,  AS  WELL 
AS  THOSE  PATHOGENS  FELT  TO  BE  PROELEMS  FOR  FOREST 
MANAGEMENT.    FIRE  FPEOUENC v , FIRE 
INTENSITY, MCRO ORGANISM, LITTER, SOIL 

319.  03    158    FROM  A  PLANT  ECOLOGY  AND  FOREST  SUCCESSION 

STANDPOINT,  AN  IMPORTANT  ASPECT  OF  UN DERST A NHTNG  THE 
ECOLOGICAL  EFFECTS  CF  FIRE  LIES  IK  THE  AREA  OP 
ADAPTATIONS  TO  SURVIVE  FTOE.   KNOWLEDGE  OP  THE 
MECHANISMS  ANO/OR  STRATAGEM  EMPLOYED  PY  AT  LEAST  TH^ 
"ECCLOGICALLY  IMdootamT"  SPECIES  CF  dqST-FIRE  FOpEST 
COMMUNITIES  WOULD  GIVE  AN  INSIGHT  TO  THEIR  TNITIATTCN 
AND  PROVIOF  THE  KEY  FCR  PREPICTTNG  THEIR  COMPOSITTOK. 
(1.)  WHAT  PHYSICAL  FORM  (MCPFHOLOGTO  DOES  THE  FTP'' 
SURVIVAL  ADAPTATION  TAKE?   (2.)  WHERE  IS  THF 
MORPHOLOGICAL  FEATURE  LOCATFD  WITH  R£S°ECT  TO  THE  GPOUND 
AND  WHAT  IS  THE  EFP-CT  OF  FIRE  INTENSITY?   (3.1  FOP 
DISPERSAL  AOAPTATICKS  WHAT  ARE  THF  TIME  WINDOW 
LIMITATIONS?    GENETIC  RESPONSE ,F IPE  FREQUENCY 

320.  03    ?3t*    WHAT  IS  THE  PROGPESSIOK  OF  USE  BY  MAMMftLS  AND 

BIRDS  AFTER  A  MAJOR  PURM  HAS  CCCUFPEO? 
ANIMALS,3IR^, SUCCESSION 


321.  03  23t*  WHAT  IS  THE  RECOVERY  RATP 
ALONG  TROUT  STREAMS  AFTER  FIRF^ 
TIMING, STREAM, VEGETATION 


OF  RIPARIAN  VEGETATION 


322.   23    23B    HOW  DOES  FIRE  ANP/OR  FIRE  EXCLUSION  ALTER  THP 

QUANTITY  AND  QUALITY  OF  STPEAMFLOW  PEGIMENS  AND  ACUATTC 
INVERTEBRATES  SO  VITAL  IN  THE  FISH  POOD  WEB?    FIRE 
EXCLUSION, HYDROLOGY, STREAM, FISH 


323.   03    296    WHAT  ARE  THE  QUANTITATIVE  CHARACTERISTICS  OP  TI^F, 
AREA,  TOPOGRAPHIC,  AND  CLIMATIC  OI^s^NSIO^S  PFLATTVF  TO 
THE  HISTORIC  INFLUENCE  ON  OCCURRENCE  OF  WILPFIRE  IN 
CONIFEROUS  FOREST  SYSTEMS?    FIRE  HISTORY 

43 


Z2^.  03  "^73  PERHAPS  ONF  OF  THE  GREATEST  NEEOS 
RESEARCH  IN  FIRE  ECOLOGY  IS  THE  LOCATION 
EXPERIMENTAL  PLOTS  REPRESENTATIVE  OF  SPE 
TYPES  THAT  HAVE  A  W^LL  OOCUMEKTEO  FIRE  H 
IN  FREO'JENCY  AND  INTENSITY  OF  THO*^E  FIRF 
INCLUDE  EXTREMES  OF  HIGH  FREQUENCY  ANC  C 
EXCLUSION  IN  AS  FAR  AS  POSSTBLE.  f'Y  RES 
WOULD  INCLUDE  (1>  THE  EFFECT  OF  Fipr  HIS 
GEOGRAPHICAL  LOCATION  OF  DISEASES  (OR  LA 
THE  EFF-^CTS  OF  THESE  OISEASFS  ON  SUeSEQU 
PRODUCTIVITY  AND  SUCCESSIONAL  OATTE^NS  A 
EFFECT  OF  FIRE  HISTCPY  ON  POPULATIONS  OF 
MICROORGANISMS  (INCLUDING  DECAY  FUNGI,  M 
FUNGI,  AND  NITROGEN  FIVING  "ICROOPG ANTSM 
AFFECT  SITE  PRODUCTIVITY  AND  SUCCESSTONA 
POPULATIONS  OF  SOIL  M IC'OORG ANT S^S  AS  AF 
AND  VEGETATIONAL  HISTORY  MAY  FLAY  A  MOR" 
IN  SUCCESSIONAL  HISTORY  AND  SITE  PRODUCT 
TEEN  ASCRIBED  TO  THi^M  TO  DATE.  FI^E 
HI  STORY, DISEASE, VEGETATION, PRODUCTIVITY, 
ORGANISM, NUTRIENTS 
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SUCCESSION, ^'iroQ 


325.  03    «*00    IF  WILDFIPF  IS  A  KEY  IN  THE  DEVELOPMENT  oc 

VEGETATIVE  PATTERNS  IN  EASTERN  "^OKTANA  dONDEROSA  pTNE 
FORESTS,  WHAT  SUBSTITUTES  ARE  AVAILABLE  TF  IT  IS  DECIOEn 
TO  RETAIN  THESE  PATTERNS?   OP  UNDER  WHAT  COMOITIONc 
COULD  WE  USE  WILDFIRE''    FIRE  EXCLUSION,  MANIPUL AT  TON 
COMPARISON, MOSAIC, FIRE  EFFECTS 

326.  03    <f29    WHAT  AFFECT  DOES  SAGEBRUSH  CONTROL  BY  FIPE  IN 

CONIFcPOUS  FOREST  MEADOWS  HAVE  ON  NON-GAME  SPECIE^,  I.E. 
SPARROWS,  RODENTS,  ETC.''    SHRUBL  AN^^,  SHALL  MAMMAL, PTRD 

327.  03    kP.'i  WHAT  IS  THE  EFFECT  OF  DIFFERENT  DEGREES  OF  DU^F 

CONSUMPTION  BY  FIRE  AS  SEEN  IN  THE  CHANGES  TN?  SOIL 
NUTRIENT  QUANTITIES  REMAINING,  ►^ICRDBTAL  OOPULATTON 
RESPONSE,  SOIL  WATEF  INFILTRATION  PATES,  MOISTURE 
HOLDING  CAPACITY,  AND  SUBSEQUENT  REGENEPATION  SUCCESS  OF 
LODGEFOLE  PINE,  PONPEPOSA  PINE,  OOUf^LAS  FIR,  ALPINE  FIP, 
AND  SAGEBRUSH?    FUFL 

REDUCTION,  NUTRIENTS,MICRO0RGAMSM,SOIL-WAT€P 
RELATIONS, RE PRODUCT  TON 

32<5.   03    '♦^g    WHAT  IS  THE  RELATION  BETWEEN  FIRE  INTENSITY,  FUEL 
LOADING,  FU'"L  SPECIJ^S,  AND  FUEL  CONSUMPTION  AND  HEATING 
AT  VAPIOUS  DEPTHS  IN  UNCONSUMEO  DUFF  LAYEP''    Fior 
INTENSITY, FIRE  BEHAVIO" 

329.   03    k23  WHAT  SEASON  OR  MONTH  WILL  GIVE  THE  BEST  RESULTS 

FOR  NUTRIENT  CYCLING  FROM  i^pOAOCAST  BURNING  OF  LOGGING 
SLASH  IN  LOOGEPCLE  PINE  30TH  ON  NOPTH  AND  SOUTH  ^ACIMG 
SLOPES,  EAST  DF  THE  CONTINi^NTAL  DIVIDE  IN  MONTANA'' 
FUEL  REDUCTION, NUTRIENTS, TIMING, TOPOGRAPHY 


330.   03    1*29  WHEN  n07E'?  SCARIFYING,  PILING  AND  BUPNING  TM 

LODG-POLE  FINE,  IS  THEPE  ONE  PANGE  OF  CLEAN'-UO 
PERCENTAGES  WHICH  GIVE  BETTER  VEGETATIONAL  REPPOOUCTTON 
RESULTS  THAN  ANOTHER?   E.G.  WOULD  THE  LEAVING  OF  APFOQX, 
i*Q     TO  say.    OF  THE  SLASH  GIVE  BETTER  RESULTS  THAN  LEAVING 
ONLY  20  TO  30*'^?    FUEL  REDUCTION,  FUEL 
REDUCTION, REPRODUCTION, VEGETATION, LITTER 
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331.  03    kZQ  IN  THE  INTERMCUNTAIN  WEST,  WHAT  INTERVAL  0*^ 

PRESCPI'^EO  FIRE  IS  BEST  TO  KEEP  AREA^  IN  SEPAL  BPUSH 
SPECIES  ALCNG  WITH  ADEQUATE  ESCAPE  COVER?   HAeiTAT  TYOfS 
INVOLVED  APEI  GRAND  FIR-QUFEN  9EACLILLY,  DOUGLAS 
FIR-NINE8APK,  DOUGLAS  FTP-TWI NFLOW^R,  PONDEPOSA 
PINE-BITTERPPUSM,  AND  DOUGLAS  FIR-!^NO WPtRRY .    SHRUR 
UNOERSTORY, COM  FERGUS  FOREST,  WILDLIFE  ,PPESCRnFD 
FIRE, COMMUNITY 

332.  03    i*-i3  ARE  INTROnUCEn  GRASS  SPECIES  MORE  SUSrEPTIPLF  TO 

KILLING  8Y  FIRE  THAN  NATIVE  GRASSES?    FIR«^ 
-FFECTS.GRASSL A NT, MORTALITY 

333.  33    i»33    WOULD  PRESCRIBED  BURNING  OF  OVERGRATpn  MFAOOWS  AND 

NATURAL  GRASS  OPENINGS  ^AVOR  GUICKEP  RESPONSE  flMO 
RECOVERY  OF  DESIRAPLE  GRASSES  AND  FORBS  IF  LIVESTOCK  USE 
IS  DEFERRED  FOLLOWING  RURNTNG?   WHAT,  IF  AN^,  WOULH  RE 
THE  BENEFITS  OF  SUCH  PRESCRIBED  8LPNING  TO  "IG  GAmf 
WILDLIFE  HABITAT?    PRESCRIBEn  FIRF,HEPPAGF 
UNDERSTORY,GRASSL A NT, HERB IVORY, COKE  STIC  L I VESTCCK , F IRE 
EFFECTS, WILDLIFE, GA^-E  ANIMAL 

33W.   03    kZk  AS  OUP  FORESTS  BECOME  ^-CPE  ANT  MORE  VALUABLE  TO 

THIS  AND  FUTURE  GENERATIONS,  HOW  CAN  WE  ACHIEVF  THE 
RECOGNITION  NEECEO  OF  FUEL  f^ANAGEN'ENT  AND  THE  NEED  TO 
DISPOSE  OF  FUEL  AS  THE  ONLY  COSITIV^  MEANS  OF  FIRE 
PREVENTION?    PUBLIC  REACTION 

335.  03    t*3i*         WE  NEED  A  MEANS  OF  PRESCRIBING  CONDITIONS 

NECESSARY  TO  ACCOMPLISH  A  PAPTICULAP  OnjECTTVE  IN  USING 
FIRE  AS  A  MEANS  OF  FUEL  REDUCTICN.   IT  MIGHT  3E  ^OSSinLE 
TO  PROGRAM  A  COMPUTER  WITH  KNOWN  ENTITIES  SUCH  AS  FUEL 
VOLUME,  AGE  OF  SLASH  DISTRIBUTION,  HABITAT  TY(*E, 
MOISTURE  CONTENT,  WEATHER  CONDITIONS,  ASPECT,  SLOPE, 
ETC.   IF  THIS  CAPABILITY  WERE  AVAILABLE,  IT  COULD  BE 
APPLIED  TO  NATURAL  AQCUMULAT I CNS  AS  WELL  AS  LOGGING 
SLASH.    FUEL  REDUCTION, FIRE  BEHAVIOR ,PPESCPIBro  PIPE 

336.  03    k3S  WHAT  IS  THE  EFFECT  OF  THUNDERSTORM  PRECIPITATION 

INTENSITY  AND  DURATION  ON  LIGHTNING  FREOUFNCY  AND  UPON 
IGNITION  PROBABILITY  IN  LODGEPOLE  PINE  FO<?f:sTS? 
LIGHTNING-CAUSED  FIPE,«^IRE  FREQUENCY, FLAMMAoILITY 

337.  03    '♦36    ARE  EAGLE  AND  HAWK  NESTING  SITES  AFFECTED  BV  SLASH 

BURNING  IN  THE  FALL?    BIRD,S»*OKE  EFFECTS, FIRE 
EFFECTS, PRESCRIBED  FIRE, TIMING, COMMUNITY 

333.   C3    '♦36    ARE  SOME  TREE  SPECIES  PHYSIOLOGICALLY  DAMAGED  BY 
SMOKE?    SMOKE  EFFECTS ,CP0WN 

339.   03    t»36    WHAT  EFFECT  DOES  THE  ASH  AND  CHAPRED  MATERIAL  HAVE 
ON  THE  FISHERIES  IN  A  PARTICULAR  STREAM  SO  FAR  AS  THE 
OXYGEN  LEVEL  IS  CONCERNED? 
FISH, ASH, CHARCOAL, STREAM, FIRE  EFFECTS 


31+0.   03    '♦36    WHAT  EFFECTS  00  SPRING  PUPNS  HAVE  ON  TNCPEASFP 

EROSION  POTENTIAL,  MOISTURE  RETENTION  AND  PRODUCTIVITY, 
AS  CCMPAREC  WITH  FALL  BURNS?    PRESCRIBED 
FIRE, TIMING, SOIL-WATER  REL AT  I CNS, SOIL  EROSION 

45 


5U1,       03    1*37  WHAT  MIGHT  RE  THE  EFP-CT  OF  BROADCAST  lURNTNT,  IN 

S-'ROTINOU*:  LOCGEPOLE  PINE  CLEAPCUTS,  CO'-IPAREH  WITH  P07EP 
FILING,  TURNING  ANH  SCARI FIC  A  TI CN  ,  AS  OPSEPV^^n  TH 
TUANTITY  OF  REPROCUCTI  ONI?    pRE<?rRiqE'^ 
FIRE,RtPROniJCTirM,SEED,GONlPFROUS  FOREST, HUMAN 
TISTURPANCEtMANIPULATICN  CO^'^ARISCN 


3tf2.   03 


3  «♦  3 .   G  3 


Zkk,       03 


«+3e    ARE  THERE  OUANTTTATIVE  MEASURES  OF  OETE^MIMI^'G 
STAGES  OF  ECOLOGICAL  FI^JE  CYCLES  AND  TH^  EFrcrjS  OF 
KEEPING  FIP'.,  FRC^  PLANT  C  OM^^UKI  T  T  ES''    SUCC'SSION  ,  FIPF 
f^REOUEMCY,  FIRE  ^XCL'JSTON,  FIPE  EFFECTS 


^39    UNDER  WHAT  CON'OITIONS  WILL  A  SOUTH-PAGING  SLOFF 
PRESENT  NATURAL  REGENERATION  PPC^LE'-'S  AFT^p  a  CCOWN  RMPN 
IN  PCNOEROSA  PINE?    CPOWN 
TUPN,RE°ROnUCTTCN,T0P0GRAc>HY,  VEGETA-^I  CN 


3U5.   03    U73  WHAT  IS  THE  EFFECT  OF  DECPtqcjtnG  THE  FIPc 

FREQUENCY  AT  VAPTOUS  INTENSITIES,  AS  SEEN  IN  THE 
FORlST  ENCROACHMENT  ON  ="\NG-  LANOS?    FIRE 
FREQUENCY,  FIR  "^  E  VC  LMSI  CN,  ECO  TONE  ,  SUCC  ESS  I  ON  ,  F  I?r 
INTENSITY, GRASSLANO, VEGETATION 


PflTF  or 


3^+6.   03    ffig    WHAT  IS  TH^  EFFECT  OF  INCREASING  PERCENT  OF  COWN 
SCOPCHING  OF  PONQEROSA  "INE  OUTING  A  FIPF,  AS  SEEN'  IN 
THE  ^ROPABILITV  OF  TOTAL  TRE":  •MORTALITY  FOLLOWING  THF 
FIRE?    HF  AT  EFFf^CTS,  MORTALITY, ORGANISM, VEGETATION 

Zk7,       G3    i*i*Q  1^    FIPE  WE''^  "'■0  CONSUME  LARGE  FORESTEH  AREAS  CF 

EASTERN  MONTANA  PONCE'OSA  PINE,  WHAT  CAN  WF  ^^YOE^T  FROM 
THE  INCREASE  IN  GROUND  WATER  (ANNUAL  PP^CTP I T ATION  THAT 
NORMALLY  WCULO  HAVE  "EEN  TRANSPIRED  3Y  THE  TREES,  ^UT 
WOULD  NOW  p-RCOLATE  DOWN)?   CCULH  SALIN"  SEEPS  OEVELOP'' 
''JOULD  FLOWS  INCREASE  AT  SPRINGS''    SOTL-WATro 
RELATIONS, FIRE  EFFECTS, AREA 
SI7E,  NU'I'RIENTS,  EL  EMF  NTS, COMnCLN!"S, CONIFEROUS  FOPEST 

3^5.   33    kW]  IN  EASTE'''N  •^ONTANA  PONOERCSA  PINE,  IS  THE  ^-EMEPAL 

OENORITIC  PATTi^RN  OF  OUP  FORESTEO  LANOS  ^dS^n    mqSTL  >  ON 
A  SOTL-VOISTURE  RELATIONSHIP  CP  HAS  WILDFIPE  SOMEHOW 
INFLUENCEH  THIS  PATTERN?  IF  Flpc  HAS  CONTRTRUTEO  ^n  T^TS 
PATT-RN,  IN  WHAT  AR'"AS  <0R  AREA  CH  A  FACTERIST I C^ )  CAN  WF 
EXPECT  PONC^RCSA  PINE  ENCROACHMENT?   HOW  IS  FTP«^ 
PPOTECTION  IKFLL'f"NCING  THE  VEGETATIVE  pATTFPNS  IM  THI<^ 
COUNTRY?    FIRE  EFFT  TS  , '''OS  A  IC  ,  ^^CO  TONE,  A  PF  A 
SI7F, CONIFEROUS  FORt^S  T  ,  0  I SPERSI  CN ,  S  OIL-WATER  RELATTCNS 


3'+9.   C3    i*Uk  ARE  THERE  PRACTICAL  GUIDELINES  EXISTANT  fOP 

PROGRESSIVE  UNDERSTCRY  3URNTNG,  THAT  IS,  ''EOUCING  HCflVY 
^\)EL    LCAOS  THROUGH  A  SERIES  CF  PRESCRIBED  FIRES  AT  A 
GIVt^N  LOCATION?    P^ESCRIBEH  FIRE, GENERAL  FIRE 
MANAGEMENT , FIRE  INTENSITY 
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35G.   03 


351.   03 


35  2.   3  3 


kk7  WHar  IS  THE  RATE  OF  HYCROLOGIH  R£COVF"Y  ON 

nPOAnCAST  BURN  AREAS  AS  COMPARFO  TC  THE  RATE  IN  SIMILAR 
STANOS  RECEIVING  MECHANICAL  SITE  PREPARATION?    mijmAN 
D I STURBANGEt MANIPULATION  COMPAR IS CN , WATERSH EO , SOI L- WATER 
RELATIONS, PRESCRIREO  FTRE 


653    TO  WHAT  DEGREE  IS  SILTATICN  INCREAS'^P  IN  STREAMS 
IN  nURNEO  AREAS,  PA^^T  ICUL  ARL  Y  HEAOWATt^R  STREAMS?    FIRE 
EFFECTS,STFEAM,SOIL  E ROS I  ON, £COS VSTFM 


353.   03    653    WHAT  A^E  THE  EFFECTS  OF  NEW  "URNS  ON  AQUATIC  LIE- 
AS  OnSEt^VEC  IN  STPEAM  TEMPERATURE?    STREAM, FI^E 
EFFECTS, FISH, INSECT 


3  5i+.   C3 
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355.  33    718    IN  YCU^?  OFINICN,  IS  THERE  ANY  SIGNIFICANT 

DIFFERENCE  BETWEEN  EFFECTS  0^    PRESCRIBED  "BURNING  <^0p 
INSt^CT  CONTROL,  SITE  op  ro  ^p  ^  7  jp|s,  ,  rjc,  AND  T  H^  EFrrcrs 
OF  WILOLAND  NATURAL  FIR-  WITH  REGARD  TO  THESE  SAME 
RESFCNSES?    HAMFULATTON  COVPAR  T  SCN,  PP^-SCP  IBED 
FIRE, IN  SECT, REPRODUCTION 

356.  03    718    WHAT  IS  THE  TIME  DIFFERENTIAL  IN  THE  RFDiirTTON  OF 

CHARRED  LOGGING  WASTE  AS  COvPflP^n  TO  UNT'^EATED  WASTE? 
FUEL  RcDUCTTON,CECO'^POSITION,  TH  ACCD  AL  ,  MANI  PUL  ATION 
COMPARISON 
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357.       03  718  WHAT    IS    THfT    TCTAL    EFF'TCT    C^    FIR?:    ON    AVaiLft3Lr 

MUTRIcNTS    FOP    TREE    GROWTH    OVEP    A    ROTATION    PERIOn*' 
NiJTRTENT!;,FUEL/BIOMflS^    ACCU^ULATTCN 

35S.       03  719  DOES    FINE    ASH    OECREAS*^    SOIL    POROSITY    AN^    INCPEA?E 

RUN    OFF?       IF    SO,     FOF     HOW    LOKJG?  SCIL-WATER 

Rf^LATICNS,  ASH, SOIL 

359.  03  719  TO    WHAT    OFGREF    CAN    CONTROLLEC    TURNING    3E    USPn    TO 

CONTROL    SPRUCE    BUD    MORP    OR    OTHEP    PESTS'' 

INSECT, PRESCRIBEO    FIRE, FIRE    EFF FCT^ , COMMUNITY , CONIFEROUS 

FOREST 

360.  03    719    TO  WHAT  OEGPEF  CAN  POLE  SIZE  TIMBER  Hf  SCORCHrn  HY 

FIRE  PEFORE  IT  DIES''  IS  THERE  A  CAMPIUM  T'^ST  WHICH  WOUL^ 
AID  THE  FORESTER  IN  PLANNING  POST-FIRE  FOREST 
REHAgiLITATION?    ORGAN, FIRE  EFPECTS, ST^H , VOR TALI TY ,HE AT 
EFF^^CTS 


361.   03 


^  r  r  r  u  I  i 

719    WHAT  IS  DEGREE  OF  CHANGE  IN  SNOW  PACK  OR  RUN  OFF 
CHARACTERISTICS  ON  VARIOUS  TYPES  CF  BURNED  OVEP  =<UT 
STANDING  VEGETAL  COVER? 
S  N  OW,  MI  CR  OCL I  MA  Tt^,  ASH,  CHARCOAL,  SOIL -WATER  REL  ATTOKS,  SN  AG 

368.   03    JW^  TS  THE  FUEL  ACCRETION  PROCESS  IN  DPY  FOREST  S^tfc; 

ONE  OF  DIMINISHING  ACCRETION  WITH  TIME  OR  UNLTMIT'^D 
ACCRETION  WHEN  ^l^^.    HAS  3EEN  EXCLUPFO?    FUEL /PdOMA'^S 
ACCU'-ULATION,  FIRE  EXCLUSION,  C  LI '^A  TE  ,  CONIFEROUS  PO^^EST 

363.   03    7(*3    THE  USE  OF  FIf'E  IN  STANDING  pONDPposA  ^INt  IS 
LI^-ITED  9:CAUSE  OF  POSSIBLE  SUnSECUi^NT  HARK  D^c^TLE 
ATTACKS.   THIS  AREA  Q^    STUDY  TS  VIRTUALLY  DEVOI'^  OF  GOOD 
INFOPMATTDN.  SUCH  I NF OR HAT  I  ON  WOULT  ASSIST  TN 
r,£X"RMlMING  BURNING  SCHEDULES,  ACC^fTADLE  FIRE 
INTENSITIES  (IN  RELATION  TO  LOCAL  ^EETLE  POPULATIONS  ANn 
TIME  OF  YEAR  QP  DU^.M   AND  GENERAL  REALISATION  0^ 
UNOERSTDRY  FIPP  LIMITATIONS  OR  POTENTIAL.    FIRf 
EFFtCTS,INSECT,STrw,PPESCPI^ED  Fipc, TIMING, <^IRE 
INT£NSITY,C0NIF£R0U<^  FORESTtCCM'-UM'^Y 

36U.   03    7kk  WE  HAVE  C^'RTAIN  A^^EAS  IK  LOCGEP0LE-*^PPUCF  TYOE 

THAT  WERE  RPOACCAST  BURNED  AFTER  LOGGING  THAT  HAVE  NO^ 
REGENERATEC  AFTER  3-U  YEAPS.   CROWN  BURNS  IN  THE  SAME 
VICINITY  HAVE  REGENERATED  VEPY  OUICKLY.  DO'S  INT-NSITY 
DF  PU^N  DETERMINE  PEGENERATICN  POTENTIAL  OF  LODG'FOLP? 
CAN  SCIL  BE  "STERILT7ED"  FO"  A  FEPICD  WITH  A  V^RY  hdT 
FIRr?    PRESCRIBED  FIRr.FlRtr  E'^FECTS,  CPOWN 
BU R N, RE ORO DUCT  I CN, SCIL, NUTRIENTS, FIRE 
INT-NSITY, COMMUNITY 

365.  03    71*5    HOW  MUCH  FIRE  (HEAT»  CAN  A  TREE  TAKE  BEFORE  ^T 

3EC0MFS  WEAKENED  TO  THE  POINT  th/\t  PARK  BEETLES  ARE 
ATTRaCT*:D  TO  IT?   OTHEP  INSECTS  AND  DISEASE"    HEA^ 
EFFECTS, MORTALITY, IN SECT, DISEASE, STEM, FIRE 
EFFECTS, ORGANIS''' 

366.  03    71+5    HOW  WOULD  GREEN  BELTS  (UNTHINNED  ARFAS»  AROUNC  OP 

THROUGH  THINNING  AREAS  AFFECT  FIRE  SPREAD?    HUMAN 
DISTURBANCE, MANinULflTION  COMp AR ISCN , OQESCPIBED  FIRE, FIRE 

EXCLUSION 
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367,   03    7<f5    SHOULD  RESEEOING  (GRASS,  o'?CWSE  S='. 
BE  IMPLEMENTED  IMME"IATi^LY  AFTER  A  FIPE? 
T I  HI  NO » RE PRODUCT ION t SOIL  EROSION, F I ^F 
EFF^CTS,MA^'IPULATT0^  COMoarisON 


OR  TREE  SF.) 


363.   C3    7«*5    UMO^^R  WHAT  CONDITION  MAY  RRCACCAST  BURNING  BF 
FEASIBLE  FOR  HA7AR0  REDUCTION  IN  THINNFD  STANDS? 
PRESCRIBED  FIRE,  FLA  "-MA  RILITY,  FUEL  REDUCTION 


36q.   03    7k5  WHAT  IS  THE 

BURNED  AREA?   HOW 
SOIL  NUTRIENTS? 
EFFECTS 


APVISABILITY  TF  pprTILI^TNG  A  ^EVPLY 
SEVERE  A  nURN  WOULD  BE  DFTRIMrviTflL  TO 
SOILtNUTRIENTStFI'^E  INTFNSI  T  Y  ,  FIPE 


370.   33    7k5  WHAT  IS  THE  EFFECT  OF  FIRc  EXCLUSION 

ACTIVITY?   nSEASE  SPREAD?    FIRE 
EXCLUSION, INS  EC  I, DISEASE 


ON   INSf^rT 


371.  03    7k5  WHAT  KIND  OF  THINNING  BLOCK  LAYOUT  WOULD  T^N^i  TO 

REDUCE  THt^  CHANCE  OF  PIRE    SPREAD  IN  PRECOMMFRCT AL 
THINNING  AREAS?    HUMAN  DI  STUPB  ANCE  ,  f^  IR"^ 
INTENSITY, GENERAL  FIRE  MANAGEMENT , ARE  A  SIZE 

372.  03    7U5    WHAT  PRACTICAL  AND  ECONOMICAL  STEPS  MIGHT  '^^    TAKEN 

TO  REDUCE  HA^flRC  IN  FPESH  POECOMMFRCI AL  THINNING  SLASH? 
GENERAL  ^^IPE  MANAGEMENT,  HUM  A  N 
aiSTUPRAMCE,FLAMMABILITY,£COKC^TC  FFCFpTS 

373.  03    7i*5    WILL  FIRE  IN  A  THINNED  STAND  TEND  TO  STAY  OM  Tmt 

GROUND  AS  OPPOSED  TC  CPOWNING?  WHAT  ARE  TH^  -ff^CT-^  OF 
VARIOUS  SPACING?  WHAT  S^^ACING  INHIBITS  SPREAD  0^  FIRE'' 
HUMAN  DISTURBANCE, GROUND  FIRF,CP0WN  ^^UPN 


3  7  £♦ .   0  3 


375.   G** 


376.   G<+ 


377.   O** 


7t*5    WILL  PAIN  ON  THE  ASH  IN  A  BLRN  CAUSE  A  LAYt^R 
IMPERMEABLE  TO  SEEDS  TO  BE  <^0RMFO?   I«^  SO,  HOW  LONG  WTLL 
THIS  LAYER  LAST?   (THIS  CONHITICN  IS  R'^'^ORT^D  TO  OCCUP 
IN  THE  SOUTHWEST. I    MICR CCL I  MA TE , ASH , SOTL-WATeR 
RELATIONS, FIRE  EFFECTS, SEED, REDpoCUCTION 

108    CAN  NATIVE  HEFBIVORE  (BISON,  ^LK,  DEER,  /^NTFLOPF, 
PRAIRIE  DOGS)  DISTRIBUTION  BE  MANIPULATED  BY  DtrpYOniC 
PRESCRIBED  BURNING  IN  PONDE'^OSA  PINF  GRASSLAND  IN  THE 
BLACK  HILLS?    GA^^E  A  M  MAL  ,  ^i  cpppcj  CN,  PPESCPI  BED 
F I RE, HF RBI VCRY, GRASSLAND 


IHt      HLAUK      HILLSr  ^  l^\i 

INTENSITY, MORTALITY,REPRODUrTION, 
FREQUENCY, PRESCRIBED  FIRE 


FI^E 


108    WHAT  IS  THE  EFFFCT  OF  BURNING,  AT  VAPIOUS  SEASONS, 
ON  SOILS  AN^  UNDERSTORY  VEGETATION  IN  THE  BLACK  HILLS? 
(HYPOTHESISf  SLASH  CAN  BE  BURNED  MOPE  SAFEL^  AN"^  WITH 
LESS  DAMAGE  TO  SOILS  AND  VEGETATION  DURING  SPRING  AND 
EARLY  SUMMER  MONTHS  FOLLOWING  PRECIPITATION  THAN  IN 
WINTER  MONTHS.)    T IMI NG, HERB  AGE  UNDERSTORY , S CIL , CL IMATE 
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378.   C<t    108    WHAT  IS  THE  EFFECT  OF  SFASOKflL  BURNING  ON  FOPAGE 
PRODUCTION  ANH  SPECTES  COMPOSITION  TN  GPASSLANns 
APJACEK'T  TC  AND  WITHIN  TH£  o^ACK  HTLLS  PONHEROSA  PTN"^ 
FOREST?   (WHAT  IS  THE  PRO^E^  SEASON  f^OR  '^RFSCRinpO 
BURNING  IN  THIS  VEGETATION  TYPE?I 
GRASSLAND, PRODUCTIVITY, SPECIES  CI VERSITY ,PRESC?I3Er  FI9E 


379.       2h 


380.       \ik 


381.        Gt* 


159  CAN    Pf-ESCRIBEC    FI=>E    BE    USEO    SA^FLv    ANr>    EFFrcTTVELY 

TO    CCNTFOL    STOCKING    IN    I'^MATURE    pTKP"    STANDS'' 
AGE,PRESCRIQ£C    FIRE  ,OENSI  TY  ,  FU'^L/ PI  nM  ASS    ACCUHULATICN 


159    IS 

FOR  FUEL 
STANDS? 


IT  POSSTBLE--ANO  SAFE--TC  US  "^  TROA'^CAST  PMRNTNG 
AND  HA7APD  REDUCTION  IN  creoomm^RCI ALL Y  THTNNEl^ 
PRESCPIOEH  FIRE, FUEL  Rf-f^UCTION 


38?.  Qk  159    WHAT  EACTUAL  EVIDENCE  EXISTS,  OR  CAN  BF  OTTATNE^, 

TO  SUPPORT  THE  FOPULA"^  8ELIFF  THAT  NON-':  AT  A  «^TO0PHT  C 
BURNS  OCCUFRcD  f'ORE  OR  LESS  REGULARLY  IN  RLAC'<  HILLS 
DINE  STANDS  IN  FRE-SETTLEMENT  TIMES''   AND,  FURTHER  THAT 
THEIR  EFFECTS  WERE  LARGELY  "ENpFTCIAL  IN  T^PMS  OF 
REDUCED  RISK  OF  CATASTROPHir  Fiprs,  NATURAL  CONTROL  OVE" 
FORTST  STOCKING,  MO=^E  FORAGE  FOR  GA^'E,  AND  INCtA^^C 
HATi^R  PRODUCTION  FRCM  FO=»ESTEC  WATERSHEDS?    GPCMND 
FIR?, FIRE  FPEOUENCY,EXPERIMc-NT  CPIENTi^n  OUEST  ION,  (^UEL 
REDUCTION,  FUEL /BIO^ASS  ACCU^'ULATICN 

383.   Ijk  159    WHAT  SPECIAL  KIND  OF  BURNING  "^NVIROKVENT  ^'US'^ 

PREVAIL  TC  FC^TER  A  NON-CA  T  ASTROPHI  r, 
FUEL-REDUCTION-TYPE  OF  BURN  IN  STANDS  OF  VAPIOMS 
CLASSES''   HOW  FREOU'^NTLY  00  THESE  SPECIAL  BURNING 
CONDITIONS  OCCUP?    P^ESC^I^ED  FIPE.i^UEL  pE^UCTION 

38i*.  Qi*  161    COULD  FIRE  BE  USED,  TOGETHER  WITH  FOLLOWUP  SE'"DTNG 

OF  HERBACEOUS  AND/OR  SHRUB  SPECIES,  AS  "BIOLOGICAL 
CONTROL  n^    TREE  SPE-'TES  THAT  TEND  TO  REGt^NEPATE  TOO 
THICKLY  UNDER  CERTAIN  DONDITTCNS? 
PLANTING,GRASSLAND,SHPUBLANn,rOMPETITION,RePRODUrTICN 


385, 


161    DO  OLD  BURNS  (11  YEAPS  OR  OLC^R)  TN  WHICH  TpE^^S 
HAV^  MCT  REGENEPATEC  TC  A  FULLY  STCCKEH  STAND, 
CONTPinUTE  "'ORE  puNCFF  AND  SEDIMENT  UNOFR  FLOOD 
PRODUCING  PPECIPTTATICN,  THAN  OLD  FOREST  WITH  VIRTUALLY 
UNDISTURBED  FOREST  FLOOP''    DENS  IT  Y  ,  HYDROLOGY  ,  SOIL 
EROSION 


386.   Ci*    161    IS  FIPE  NECESSARY  TO  PROVIDE  SUITABLE  SITE 

CONDTTICN  FOR  ESTA PL  I SHMENT  AND  VIGOROUS  GROWTH  0^ 
CERTAIN  TREE  SPECI ES--ALSO  UNDERSTCRY  VEGETATION'' 
IMPORTANT  ELEMENTS  OF  WHICH  SEEM  TO  REQUIRE  NEAR  hinFPAL 
SOIL  CONDITIONS  FOR  GERMINATION  AND  ESTABLI S  HM'^NT'' 
.REPRODUCTION 
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387.  Qk         161    TO  WHAT  EXTENT  TOES  FIRE  PLAY  A  POLE  IN  SUCCE<^SION 

ANn  COMPOSITION  OF  FOREST  STANPS?   TS  VIRTUAL  '^yCLUSION 
OF  FIRE  3Y  MODERN  SIPPPESSIOK  TECHNIQUES  ALTERING 
BIOLOGICAL  COMPOSITION  OF  FOREST  FNVIRONMEmt  AND 
RESULTING  IN  UNDESIRABLE  BUILDUP  OF  BIOMASS'^    FIPF 
EXCLUSION, SPECIES  DIVERSITY , FUEL/ B I  OH ASS 
AC CUMULATION, SUCCESSION 

388.  0<»    161    TO  WHAT  EXTENT,  AND  UNDER  WHAT  CONDITIONS,  ARE 

INFILTPATIC^J  AND  PERCOLATION  INHIPITEO  BY  FORVATION  OF 
HYDROPHOBIC  SUBSTANCES  DURING  BURNS''    SOIL-WATER 
RELATIONS 


389.  Qt*         hi*9  CROWN  FIPFS  ARE  OUITE  OFTEN 

PONCEROSA  PINE  OF  THE  BLACK  HILLS 
CONDITIONS  MAY  CAUSE  CROWNING  ANY 
NIG.HT.   BASED  ON  SLOPE,  WHAT  TRFE 


A  THRt^AT  IN  THE 

EXTREME  BURNIN'^ 
TIME  OF  T^E  DAY  0^ 
SPACING  WOULD  ALLCW 


FULL  STOCKING  AND  YET  BE  MOST  nFSIRA3LE  FOP  SEPARATING 
TREE  CROWNS  TO  PRECLUDE  CROWN  FIRE  IGNITION''    C^CWN 
BURN, FIRE  INTENSITY, AREA  S IZE , TCPCGRAPHY , POPUL ATI  ON 

390,  Qk  i*k9  HAS  ANYONE  COKSIDEREn  A  CHEMICAL  OR  BIOLOGICAL 

TREATMENT  OF  PIKE  SLASH  TO  SPEED  THE  OECOHpOS ITTON  AS  A 
METHOD  FOR  REDUCTION  OF  FIR^^  HA^A^'^'' 
DE  coy  POSITION,  COMPOUNDS,  FUEL  RPCUCT  ION,  <^0  NIF(^  ROUS 
FOREST, HUMAN  niSTURBANCE 
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392.   O'*    !*t*^  WE  ARE  CONSIDERING  THE  USE  C    BROADCAST  BURNING 

THROUGH  THINNED  PINE  STANDS  FOR  FUEL  REDUf^TION.   HOW 
MUCH  IS  RtCUIREO  TO  KILL  THE  2  TO  "5  INCH  PONOEROSA 
oiNES?   WILL  CONTROLLED  BURNING  KILL  OUT  CERTAIN  SPECI«^S 
OF  GRASSES  ANC  SHRUBS?    PRESCRIBED  FIRE, HEAT 
EFFECTS, STEM, CONIFEROUS  FOREST, FUEL  REDUC TI ON , SHRUB 
UNOERSTORY  , HERBAGE  UNDERSTORY 


393.   0^    6^59    FIRE  SUPPRESSION  IN  BLACK  HILLS  PONOEROSA  PINE 
OVER  A  PERIOD  OF  70  PLUS  YEARS  HAS  LED  TO  THE 
ESTABLISHMENT  OF  MANY  "OOG  HAIR"  STANCS.  IN  MANY  CASES, 
THESE  STANDS  HAVE  BECOME  SO  DENSE  THAT  ALL  OTHER  PLAMT 
SPECIES  HAVE  BEEN  FLIMINATEO.   A)  WHAT  CHANGES  HAVE  THUS 
OCCURRED  IN  SOIL  CHEMISTRY  AND  WHAT  INFLUENCE  HAVE  THESE 
HAD  ON  THE  PLANT  COMMUNITY?  B)  WHAT  INFLUENCE  WILL 
''PESCRIBED  FIRE  HAVE  ON  SOIL  CHEMISTRY  AND  THr  PLANT 
COMMUNITY  FOLLOWING  PRE-C OHME RCI AL  THINNING?   C)  CAN 
PRE-SUPPRESSICN  FOREST  CHARACTERISTICS  0£  RE-CREATED 
WITH  THE  USE  OF  PRESCRIBED  >^IRE?    FIRE 
EFFECTS, SOIL, COMPETITION, FIRE  EXCLUSI CN, PRESCRI BED 
FIRE, COMPOUNDS, HUMAN  DIS TUR BANCE , CONIFEROUS  FOREST 
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APE  THERE  ANY  GUTDE  LINES  ESTARLISHEO  AS  TO  HPW 
A  STAND'S  'JNDEPSTORY  SHCULT  BE  BU^NEH  HASEH  ON 

SPECIES  ANH  TOTAL  O^Y  WFIGHT  ACTUr'iJL A  TED  ON  TME  ro^EST 

<="LOCR?    GENERAL  FIR 

ACCUMULATION, PPESCR 

INTENSITY 


•'  T   H  r  1 1 J  n  I   M  u '.  'J  r  '  J  i_  H  <  c.  u  u  r^  inc.  f 
RE  MANAGEMENT, FU^^L/BIOMASS 
IBEP  FIRE,FICE  FREQUENCY , FTPF 


395.  CU    333    DOES  A  SURFACE  FIRE   PF  MCHFRflTF  INTFNSITV  IN 

•^LACK  HILLS  PONOEROSA  PINE  TNCFASE  TH^  dos^TP'ILITY  OF  A 
RESI'^UAL  STAND  BEING  ATTACKED  PY  PARK  BEETLFS?   IF  "^0, 
HOW  GREAT  IS  THIS  INCREASE?    INSECT, FIRE  EFFECTS , GROUND 
FIR-, FIRE  INTENSITY, STEM 

396.  dk  S37    HOW  GREAT  IS  THE  TNCREAS"^  IN  RUNOFF  AFTER  ^ 

"RlSCIBED  turn  AS  COMPARED  TC  AN  UN^U^NTD  STAN'^"' 
SOTL-WATEP  RELATION^, o'ESCRI^En  FIR^^,  MAMI  fuL  A  TT  ON 
COMPARISON 
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398.  05    102    ARE  EFFECTS  OF  FTP"  ON  MINERALIZATION  OF  tTED-Up 

NUTRIENTS  REPLACED  PY  THE  INCREASES  OF  WEATHt^RING,  nu' 

TO  EXPOSURE  OF  LITTER  TO  SUN,  IN  CL^ARCUTTI NC 

MANIPULATION 

COMPARI  SON,DECO^'POST  TION,  LITTER,  NUTRIENTS,  MICR0CLIMAT<^ 

399.  05    102    HOW  DOES  THE  IMPACT  OF  FIRE  C0MDAP«-  WITH  THfiT  Dc 

OTHER  DISTURDANCESt   A)  CL^ApCUTTING  B)   "SCARIFYING  C> 
HERBICIDE  treatment:  WITH  RESPECT  T0»  A)  PLANT 
COMPOSITION  B)  SUCCrSSTONAL  DYNAMICS  C)   MICROFLOPA  D) 
MUTRTENT  RETENTION  SYSTEMS  E)  WTLCLIFF  PALATA^ILITY  OF 
VEGETATION  ANC  ANI^-QL  POPULATION  DYNAMICS? 
•^ANIpuLATICN  COMPARISON, SP^'^IES 

DIVERSITY, VEGETATION, SUCCESS ICN , ^ ICROOPG A  NT S^ , NUTRIE NTS, 
WILDLIFE 

'♦OG.   c5    lO^    TO  WHAT  EXTENT  I?  FIRE  INVOLVi")  IN  MAINTAINING 

SYST-M  PRODUCTIVITY  WHERE  NUTRI-NT  CAPITAL  TENDS  TO  P^ 
TIED  UP  IN  LITTER?    LIT  T£R  ,  NUTRI  EMS  , PRODUCT  IVITY 
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'♦02.   05 


107    WHAT  ARE  THE  EFFECTS  OF  FIRE  ON  SECCNDARY 
SUCCESSION?   IS  THE  FREQUENCY,  TI^'IMG,  OR  INTENSTTY  0«^ 
THE  t^IRE  MOST  IMPORTANT  ON  1)  TME  SUCCESST'^MA  L  V'CTTD 
AFTER  THE  BURN?  2)     THE  FIRST  COVER  TYPE  TO  ^STARLISH  ON 
THE  TURNED  AREA?  3)  THE  RtCOVEPY  TIME  TO  ORIGINAL  STATE? 
SUCCESSION, TIMING, FIRE  T NTENSIT Y, F IRE  F?cQntNCY 


kQ3,       05    16«    A.   ARE  THERE  SERIOUS  HAPHFUL  EFrcr;js  A3S0CIATE0 
WITH  EARLY  SPRING  ^^LRNING  IN  THE  STEE^  NORTH-SLOPF 
OOUCLAS  FIP-DHYSOCA=PUS-°INEGPA«^S  (^ESCUE)  CANYON 
HABITAT  IN  THE  TRI-STATE  UPLANHS?   H.   TF  NOT,  WHAT 
ilGHT  BE  THE  PPO^ER  FREQUENCY  (TIME  INTi^RVAL)  FO" 
IMPROVING  THESE  HABITATS  FOR  LIVESTOCK  GRACING  C  FOR 
•^IG  GAME  US<^?    EXPERIMENT  ORIE^TEO  OUE'^TTON,  GA*"" 
ANIMAL,TIMING,PRESCt=It^En  FIdE 
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FUEL  REOUCTTON, SPECIES 

MANIPULATTQN 


(♦C5.   05 
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^♦07.   05 


16«    A.   IS  IT  PRACTICAL  TO  SUPPRESS  MOUNTAIN  M=-APCW, 
OR  SU^ALDTN-"  MEABOW,  T RE^    INVASION  BY  LATE  SEA<^ON 
BURNING?   e.   IF  SO,  WHAT  IS  THE  SUSCEPTIBILITY  TOP  THE 
OIFFEPFNT  SPECIES  AV'D  AT  WHAT  AGE,  OR  HEIGHT  CLASSES, 
CAN  CONTROL  BEST  BE  ACHIEVEH? 
SUCCESSION,MORTALITY,VEGETATICN,AGE,SIZ^  CLASS 


Iftfl 


WHAT    TS    THE     EFFECT    OF    INCPEAS'^0    Hi^ATING    ON 
VIABILITY    CF    ROCT    SYSTEMS    Qf^    BIG    GA^-c    SHRUBS? 
EFFeCTS,ROOTS,SHPUBLAND 


THE 
HEAT 


1F>8    WHAT  SOCIOLOGICAL  ANO/OR  PSYCHOLOGICAL 
IMPLICATIONS  MUST  RE  EXAMINED  IN  CRCER  TO  E'^UCATE  THE 
PUBLIC  "^OR  THE  ACCEPTANCE  OF  FIPE  AS  A  MANAGEMENT  TOOL? 
EXPERIMENT  ORIENTED  QUESTION, PUPL IC  PEACT ION, SOC^  AL 
EFFECTS 


^08.   05    1F9    WHAT  EFFECT  DOES  FIRE  HAVE  CN  FUNGAL  ANO  MICROBIAL 
SUCCESSION  ANC  pROCSSES?   E.G.,  IN  THr  aFTpc^yflTH  0^ 
VARIOUS  FIRE  INTENSITIES,  IN  WHAT  WAYS  DO  SPECIES, 
POPULATIONS,  AND  ACTIVITIES  CHANGE  IN  COMPAPISON  WITH 
UNBURNEO  HABITATS!   A.  NITPOGFN  FIXATION  R. 
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'♦CI.       05 


OECOMPOSITION-nFCriMPOSEP    SPfCIES    SUCCESSTON    AMO 
ACTIVITY.     C.     ^vnORRHI7fl    FOP^ATICN    anO    SUCnc-^SIOM    0^ 
MYCnPt?HT7a     FUNGI     0.     SULPHU«?    FIVATICN.     L.     ^^OOT     OATHOrEMS? 
FUNGUS,  MnRCOFGANISi>'tSUCCESSICN,DErOMPOSITION,f^IPE 
INTFNISITv^HE  AT    tFFErT<^ 


?ttC 


FIRE  RESULTS  IN  PAPin  RELEASE  0^    VARIOUS  PLA^'T 


Gi^nWTH  F.LEHfNIS  THAT  APE  NORMALLY  RELEASED  TN  SLOW 
O-ICAY.   IS  c-APTP  Rt'LFASE  LIKELY  TC  f^EN«^FIT  CERTAIN 
PLANTS  ANO  IF  SO,  WHICH  KINO''   THIS  COULO  HEL^  TO 
HETERKINE  PLANT  SUCCESSION  IN  A  FTP-  SWE^T  AREA, 
NUTRIENTS, VEGETATION*  SUCCESS  I CN 

i+i:.   05    ?^3    INTENSE  HEAT  0XI0I7ES  MANv  ELEM'^NT^  AMH  CAUSES 
THEM  TO  OIS^EOSE  AS  GASES.   DOES  A  SLOW  BURNING  FIPF 
CONSERVE  MORE  FOOD  ELEMENTS  FC  PLANTS,  THUS  STIMULATING 
RAPID  PLANT  GROWTH,  THAN  A  FIERCELY  HOT  FIRE'' 
NUTRT-NTS, FIPE  INTfnsITY 

^♦11.   05    2U1  WHAT  EFFECT  HCES  F"IPE,  IN  r-CNIFEROUS  FOor^y 

HARITAT,  have  ON  BIRO,  MAM^'AL,  INSECT,  AND  PLANT 
oOPULA^TOMS  ANO  ON  TH^^  SPECIES  COVCQSITIONJ   (1)  UN^i^P 
OIFTERrNT  FIRF  INT^NS  I T I  "S''   (?)  IN  "OLO  GROWTH",  AS 
OPPOSEC  TO  THE  VARIOUS  STAGES  OF  FOREST  PEGEN-RATION  ANO 
GROUND  SURFACE  CONniTION<??   (?)  IN  VARIOUS  CONIFroouS 
FOR=^ST  TYDES?   (i»)  UNOER  OIFFEPENT  EVPOSURFS  AND 
i^LEVATIOMS?   (5)  AT  VaRIOUS  TIMES  0^  YEAR  0  ^^  S'A^CNS? 
WHY  10  THES"  CHANGES  TAKE  PLACE?   H'^W  LONG  DOC'S  IT  TAK^ 
AN  A^lA  TO  RETURN  TC  ITS  PRE-FIRF  ANIMAL  AND  ''LANT 
STAT'JS?    POPULATION, BIRO, INSECT, SMALL  ►•' A^m  al  ,  GA '^f^ 
ANIKAL, SUCCESSION 

i+l?.   35    2U7    WHEN  CONTPOLLEO  ^U^^NING  IS  USED  TO  RFHATILTTATE  25 
YEAP+  RRUSH  SPECIES  MANAGED  FOR  3IG  GAME  RROWSf,  Wmot 
APE  THE  MEASURED  CHANGES  IN  NUTRIENT  AND  SEOT^r-MT  L^ADS 
OF  CGWNSLOPR  STR-AM^? 
NUTRIENTS,  STREA»^,  TOPOGRAPHY  ,  SHRUi^L  AND,  M0"=^  AIC,  ^onaTTCN 

i+13.   05    i+53    OQ-S  SLASH  DISPOSAL  I.^PPOVE  THE  VISUAL  EFFECT  0"^ 
LOGGING?   WHAT  IS  THE  LONG  RANG^^  VISUAL  Ei^FFrT? 
AESTHETICS  , FUEL  "EDUCT  lOM,  PUBLIC  R^^  ACTION,  HUM  AN 
DISTURnANCE 

klh»        05    1*53    HOW  CAN  WE  PREDICT  TH?  VOLUME  OF  SMOKE  THAT  WILL 
TE  PRODUCEC  FROM  AN  ACREAGE?   HCW  WILL  IT  AFFECT  AIP 
DUALITY  UNCER  GIVEN  CONDITIONS''   WHAT  AFt^ECT  DOES 
SPECIES,  VCLUMC-  OF  "^LASH,  MOISTURE  CONTENT,  ATMO^RHRPIC 
CONriTIONS  HAVE  ON  SMQt'E  PRODUCTION  ^RO^  SLA<^H?    AIR 
''OLLUTION,  AREA  SI  7E  ,  A  ZSTHET  ICS  ,  FUEL  REDUCT  I  ON  ,  PUBLIC 
REACTION, HCOEL, CLIMATE 

^15.   05    £f53    VERY  LITTLE  HAS  BEEN  DCNF  ON  THE  ECONOMICS  C^ 

SLASH  DISPOSAL.  I  WOULD  LIKE  TO  SEE  SOME  STUDIES  ON  T^p 
ECONOMICS   OF  VARIOUS  DISPOSAL  MPTHCDS  AS  RELATES  TC  "^HE 
AMOUNT  OF  SLASH  REGAINING  AND  THE  RESULTANT  RISK, 
INCLUDING  NO  TREATMENT.    ECONO»'IC  E^^FEC  TS,  PPESCRI"E'^ 
f^IPE,FUEL  RFDUCTIO^' 
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klb,        C5    k53  WHAT  ARE  THE  EFFECTS  OF  SURFACE  FIPE  ON 

SPECIES  IN  RELATIONSHIP  TO  THEI"?  Anr  AND  BARK 
OR  NATURAL  FIRE  RESISTANCE''    FIRE 
INTENSITY, STEM,MORTALITY,GROUNO  FIPE 


VARIOIS 
THICKNESS 


i+1  7.   Q5    t*53  WHAT  IS  THE  EFFECT  ON  REFCPFSTA  TJON  OF  REVIOVINT, 

ALL  LARGE  CULL  LOGS  GUT  LEAVING  THE  FIRE  SLASH  ((^." 
OIAf'-TER  AND  SMALLER  MATERIAL)''  WHAT  APE  THE  OPTIM|J^' 
AMOUNTS  (ANNUAL  ACR'="AG£S)  OF  SLASH  THAT  CAN  BE  L^^FT 
UNTREAT~n  ANI  STILL  HAV"  AN  ACCEPTAf?LE  RISK? 
REPR  OP  UCTTCNtOFCONPCSITION, HUMAN  CIS  TURf'ANCE,  ^^J^L 
REDUCTION, APEA  SI7F 

iflfl.   0«5    «+53    WHAT  IS  THE  NET  EFFECT  OF  niFFFRENT  INTENSITIES  OF 
FIPE  ON  REFORESTATICN?   R^^MOVAL  OF  CERTAIN  AMOUNTS  Or 
FUEL  MAY  BE  CONSIDERET  TENE'^'ICI  AL  T  BEYOND  WHAT  POINT  MAY 
THAT  Bf  CONSICEPEO  A  OETRIM'^NT?    FIRE  INTE  NS ITY ,  FIPE 
EFFECTS,  FUEL  REOUC T  ION , REPRODUCTION 

U19.   05    U53    WHAT  IS  THE  RELATIVE  EFFECTIVENESS  0^"    VAPIOUS 
niSPOSAL  HETHODS  AS  OBSERVED  IN  FUEL  VOLUMES  IN 
UNHA'VESTED  AREAS  AND  RESIDUE  AFTEP  VARIOU«^  TREATMrNT-? 
FUFL  REDUCTION, ECONCMIC  -  FF^-CTS, '^  AN  IPULAT  ION  CONPAPISON 
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iiai.   C5    '♦S^    SOME  OPINION  IS  NOW  BEING  '=:xpRESSED  THAT  WE  SHOULD 
USE  PRESCf^TBEO  FIRE  TO  PEDUCE  FUEL  ACCUMULATION  AND/OR 
MANIPULATE  STOCKING  LEVELS,  UNf^ERSTOR^  PLANT 
COMMUNITIES,  ETC.,  AND  =?EDUCE  WILD  FIRE  INTENSTTTFS. 
WHAT  IS  KNOWN  OF  FUEL  OUANT  IT  Y-F  IRE  INT'^NSITY 
RELATIONSHIPS?   APE  THEPE  ANY  CONJECTURES  ON  PROJECTING 
THE  OPTIMUM  DERIODTC  SCH^-DULING  OF  PRESCRIBED  "UPNE? 
E.G.  AT  10  VEAPS  AFT^r  INITIAL  rST A9L ISmmpnT,  10  YEARS 
AFTER  THAT,  THEN  HANDLE  THE  INCPEASES  IN  FUELS  npYONP 
THAT  POINT  THROUGH  COMMERCIAL  THINNING,  ETC 
f^UEL/BIOMASS  ACCUMUL  AT  lOM  ,  FUE  L  REDUCT  ION,  FIRE 
INTt:NSITY,  TIMING, PIPE  FREQUENCY  ,  PRESC  RIBED  FIRE, HUMAN 
DI  STUPB  ANC  E,E  COST'S  T  EM,  GPOUNP  FIRE 

'♦22.   35    k55  WHAT  IS  KNOWN  OF  THE  ABILITY  OF  IMMATURE  STANns  TO 

SURVIVE  GRCUNO  FIRES?  IS  THLPE  A  MEANS  OF  Pp^^niCTING 
TREE  SURVIVAL  IP  PRPSCRIBED  FI^E  IS  USED  AS  A  FUEL 
REDUCTION  TOOL?    GROUND  FI^E  ,  MORTAL  I  TY,  MODEL  ,  pP'^SCPI°ED 
FIRE, FUEL  REDUCTION 
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<423.   35    i^S?    IF  FI9£  PROTECTION  ACTIVITIFS  HAVE  BEFN  A  fACTOP 
IN  CONVERSION  OF  FOKOEPOSA  PI^E  STANDS  TO  ASSOCIATEO 
SPECIES,  HOW  IHFOPTANT  IS  IT?   DOES  IT  CEALLY  MAi^t^  A 
IIFFERENCE  WHAT  SPECIES  IS  THEP'^''    SUCCESS  ION,  FIPE 
EXCLUSION, SPECIES  HI VERSITY , HUMAN  ECOLOGY 

kZk,       <^5  kS7  IS  THF  EFf^ECT  0"^  WIOESPRt^AO  IPRIGATTON  AN 

I'-'PORTANT  FACTOR  IN  THUNOcRSTCRH  FORMATION'' 
LIGHTNTNC-CAUSf n  FIRE 

i*25»        C5    ^57    IS  THERE  A  RELATIONSHIP  RFTWEEN  THUN^^ERSTO^K 
MOVE»^ENT  ANO  MAGNETIC  FIELPS  IN  THE  EARTH? 
LIGHTNING-CAUSEC  FICE 

if26.   C5    W57  THE  NcWER  SUSFENPEO  LOGGING  SYSTEMS 

(HELICCPTEP,ETC.)  IN  MANY  CAS«^S  OPECLUDE  ANY  FQpm  cF 
SLASH  niSPCSAL.   ARE  THE  INCREASED  FIRE  RISi^S  BY  N'OT 
OOING  SLASH  DISPOSAL  OFFSET  RY  Tmp  GAINS  IN  RESOHP'^E 
PROTECTION  FPC^  HUHAN  DTSTUPPANCE?    Fu-L 
REDUCTION, HUMAN  DISTURPANCE, FLAMM AB IL TTY , MANI ^UL ? tj PN 
COMPARISON 

(♦27.   05    '♦57    WHAT  EFFECT  DOES  ACCESS  R^^ALLY  HAVE  ON  ACRE'S 

TURNED?  DOES  GOOD  ACCESS  PENULT  IN  MAN-CAUStD  PIPE'S  AND 
MOPE  ACRES  PURNED  OP  DOES  IT  PEPUCE  ACRES  BUpNEP  pY 
'PROVIDING  PETTEP  SURVEILLANCE  AND  OUICKER  SUPPRF<^STCN 
ACTION?    HUMAN  ni s TUR DANCE , GENER AL  FIP" 
MANAGE^IENT  ,>^'AN-CAUS"D  FIRE,  AREA  SI7^ 

'♦2'^.   35    '♦57    WHAT  ^FFf^CT  WILL  INTtNSIV-  SLASH  DISPOSAL  (NPflRL^ 
COMPLETE  OILING  AND  BURNING)  MAV=:  CM  SOIL  NUT?IENT<^  OVEP 
AN  EXTENDED  PERIOD  OF  TIME?    OPESCRIBEO  FIPE,fu'^L 
REDUCTION, NUTRIENTS, TIDING 

i+29.   '^S    i+58    BY  PRESCRIRED  BURNING  PCPTICNS  OF  SOUTHEPN 

CALIFORNIA  CHAPARRAL  DRAINAGES,  CAN  THE  100,010  ACP"^ 
FIRES  THAT  WE  NOW  FPEOUENTLY  EXPERIENCE  '^E  PEDUr=-'"'' 
WHAT  APE  THE  ECOLOGICAL  DIFFERENCES  PETWEEr'  =«URNING 
REGULARLY  PY  PRESCRIPTION  AND  INCURRING  PERIODIC 
DISASTROUS  PIPES?    FIRE  FRt  OUENCY,  FipE  TNT^^NSTTY  ,  APP A 
SIZE,SHRU'^LANC,PPESCRIDED  FIR  E  ,  COKMUN  ITY  ,  GEN=:RAL  FIPE 
MANAGEMENT, FUEL  REDUCTION 

^♦30.   05    U58    IN  THE  DOUGLAS-FIR  R'GICN  (WESTSIDF  CASCADE^)  WE 
NEED  TO  KNOW-  WHICH  IS  BETTER  FOR  PEGENERATTON  OF 
DOUGLAS-FIR  seedlings:  A)  BURNING  TO  OBTAIN  PLANTING 
SPOTS  OR  R)  NOT  BURNING  AND  SCALPING  AFTEP  ^OST  SLA<^H 
MAS  BEEN  REMOVfC  MECm ANICALLY''    CONIFEROUS 
FOREST, RE °POOUCT I ON, MANIPULATION  COMP AP I  SON , HUM AN 
DISTURBANCE, PRESCRIBED  FIRE, FUEL 
REDUCTION, PLANTING, POPULATION 


^♦31.   05    f+SC    HOW  CAN  FIPE  EFFECTS  CN  '^OIL,  AS  IT  APFEf'TS 

PRODUCTIVITY,  BE  MEASURED  AND  PE  PREDICTED  IN  ACVANTp 
FIRE  USE?    MODEL, FTPE  EFFECTS,  SO  IL  ,  PRCOU'^  TIV  I  TY 


OF 


i+32.   35    tfP,0    HOW  CAN  THE  ECOLOGICAL  EFFECTS  OF  LOGGING  SLASH 
DISPOSAL  BE  MEASURED  O'^  ESTIMATED?    ^U^^L 
REDUCTION,  HUMAN  DISTURBANCE  ,  »^CDFL 
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(♦33.   05 


k3k,       05 


^♦35.   05 


^36.   C5 


'♦37.   05 


'♦33.   05 


k39,       05 


'♦60  WHAT  . 
A  CONIFEROUS 
FUEL/BTOHASS 


IS  THE  PATE  OF  INCREASE  IN  AVAILABLE  FUEL 
S  FOREST  WHERE  FIRE  IS  EXCLUDED? 
S  ACCUMULATION, COMFCRCUS  FOPEST 


IN 


k^?  ARE  STA^DS  OF  MIXEO  PONOEROSA  PINE-WHITE  FJi 

OESTINEO  TO  BECOME  WHITE  FIR  CLI«AX?   WHAT  PA^t  p/jn  FIRE 
PLAY?    SUCCESSION, PIRE  EXCLUSION, FIRF 
EFFECTS, CONIFEROUS  FOREST 


FECTS, CONIFEROUS  FOREST 

2    CAN  TPAHO  FESf^UE  BE  MATMAIKED  AS  AN  UNOERSTOPY 

iMPQNENT  IK  A  FONPEROSA  PINE  STANH  WHEN  FTPE  TS 

CLUOEO?  FIRE  EXCLUSI ON, HEPR aCE  UN CERSTOPY , CONIFEROUS 
REST 
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t»66    WHAT  IS  THE  EFFECT  OF  VAPIOUS  FIRE  INTENSITIES  ON 
SOIL  PRODUCTIVITY  AS  OPSERVED  IN  THE  PREPARATION  OF 
ORGANIC  MATERIAL  CONSUMED  BY  FIRE?   CAN  P^^MOVflL  0^  ALL 
ORGANIC  MATTER  PRECLUDE  REGENERATION  OF  VEGETATION? 
SOIL, VEGETATION, FIRE  I NTENSI T Y, CUFF,REPRODUCT ION 

kSS  IN  A  THINNING  STAND  WHERE  THE  CANOPY  IS  CLOSED,  AT 

WHAT  HEAT  INTENSITIES  CAN  WE  EXPECT  NEE^^LE  DAMAGE  TO  THE 
TREES?   CAN  THIS  AGAIN  BE  CORRELATED  TO  TONS  OF  SLASH 
OER  ACRE?   HOW  CAN  PATE  OF  SPPEAD  B«^  UTILIZED  TO  OU" 
ADVANTAGE?   SHOULD  IT  BE  SLOWER  DP  FASTER?    FlPr 
TNTt^NSTTY,  CPOWN,  CROWN  BURN  ,  FUEL /B I OM  ASS 
ACCUHULATIC^, HUMAN  CISTUR3ANCE, CONIFEROUS  POPEST 

<»68  IN    THTNNING    STANDS,     WHERE    WE    ARE    REMOVING    flnOijT 

50'/.    OF    THE    STEMS     (LEAVING    5G     TREES    PER    ACRE)     AND    Thp 
RESIDUAL    STANC    AVERAGES    10    TO    16    INCHES    OBH,     WHAT    HEAT 
INTENSITIES    CAN    BE    STOOQ-*       CAN    THIS    BE    CORRELATE^^    TO 
••TONS    OF    SLASH    PER    ACRE"?    WHAT    HA<=PrNS    IF    THE    RESIDUAL 
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kkQ,       05 


i^kl,       05 


ST  AMD  I 
niSTURB 
EFFECTS 
U6*?  I 
RAPIDLY 
THE  SPE 
P£RC~NT 
INT-KSI 
FUEL  MQ 
SIZE, FT 


^♦68    WHAT  HEAT  INTENSITIES  CAN  OE  GENERATED  BY  GROUNH 
FIRE  IN  A  CONTROLLEC  SITUATTCN  ''EFORE  Vi^    SUSTAIN  RAPK 
f^AMAGE  AND  THE  KILLING  OF  THE  TP'^ES''   DO  WF  HAVF  TO  PULL 
ALL  SLASH  AWAY  FROM  RESIOUAL  TREES''    FIRE 
INTENSITY, HEAT  EFFE CTS , G ROUNO  F TRE» MORTALI TY , ST^M , FIRE 
■EFFECTS, OPGAN 


^♦^♦2.   05    i*5a    WHAT  heaT  INTENSITIES  CAN  BE  TOLEPftTEO  BY 

OOUGLAS-FIR  BEFORE  ROOT  BAMAGF  IS  SUSTATN'^0''   WHAT  DEPTH 
OF  SLASH  AT  WHA"^  MOISTURE  CONTENT  WILL  CREATE  WHAT 
INTENSITY  OF  HEAT?   WHAT  CORRELATION  IS  "^HERE  TO  SOIL 
TYPE  ANO  SOIL  DEPTH  AND  htat  CAMAGE  TO  THE  ROOT  SYSTE!- 
OF  DCUGLAS-FIR?  SUGAR  ptnI?    HEAT  EFFECTS, pI'E 
T  NTLNS  I  TY,  CONIFEROUS  FOREST  ,  ;?OOTS  ,  ORG  AN  ,  FU'^L 
REOUCTION, SOIL, COMMUNITY 

^♦43.   05    6?«    COULD  FIRE  BE  USED  ON  A  MIVED  D«*CinUOUS  - 

CCNI«^<^RQUS  WOODLAND  IN  SUCH  A  WAY  A^  TO  ENCOUPOGE  tht 
O^CTDUOUS  TPE'S  (E.G.  OAK,  mapl^)  WHILE  SETTING  '^flCK' 
CONIFEROUS  INVASION  (E.G.  DOUGLAS  FIR,  GRAND  FIR)''   JF 
SO,  HOW  AND  WHEN  IN  THE  ANNUAL  CYCL*^?    DECIDUOUS 
'^OP'-ST, CONIFEROUS 

•^  DRIEST,  SAVANNA- WO  COLA  NO,  COMPETITION,  TIMING,  oprsCPIO-n 
FIRE, SUCCESSION 

kkt*,        05    628    HOW  OFTEN  WOULD  A  MANAGED  FIR«^  BE  PEOUIR<=^n  IN  A 
WEST-PN  OREGON  SECOND  G'OWTH  HIXEO  FQPEST  TO  PPO'-'OT^ 
CONTINUED  HIGH  WLLOLIFE  USE?    TIDING, FIRE 
FREQUPNCY, WILnLIPe,PRESCPIPEn  EIRE 

^4^+5.   C5    (^?8    WHAT  TYPE  OF  FIRE  BAppI'^R?  CAN  BE  UTILT7=:n  0^' 

SMALL  AREAS  TO  EFFEOTIVELY  ""CNTROL  FTPE  SPR^AO  PUT  *^TTLL 
NOT  CAUSE  EXTENSIVE  MECHANICAL  DAMAGE  TO  FRAGILE 
ECOSYSTEMS?    HUMAN  D  I  STUPB  ANCE  ,  Gt  N«^R  AL  FIRE 
MANA3E'^ENT,AR£A  SI7«^ 

^+£♦6.   .J5    7ttP,    AFTER  A  SEVER-  CROWN  FIRE  WHAT  IS  THE  BEST  METHOD 
TO  ^''^-ESTAPLISH  A  TTmbeR  STAND  "^OR  CERTAIN  SOIL  Typre^ 
ANT  MOISTURE  CONDITIONS?   PLANT  OR  SEED?  SI^E  OF  STOC'<"' 
METHOD  OF  PLAhTING?   USE  OF  CONT fl  INER I ^EO  STOC^?  PLANT 
AS  SOON  AS  POSSIBLE  OR  WAIT  A  NUMP£R  OF  YEAPS  "lEOPE 
PLANTING?    CROWN 
BUPN,REPROCUCTICN,  PL  ANTING,  St  ED, TTMNG, SOIL 

i^k?.        G5    7U6    ARE  DARK  BEETLES  ATTPACTEC  TO  FIRE  EVEN  AFTEc  /\ 

LIGHT  PRESCRIEED  SUPN?    FIRE  EFFECTS, INSECT, oRFSCPIpED 
PIPE 
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^♦^3.   05    7kb  WHAT  EFFFCT  DOES  THE  BURNING  CF  LOGGING  SLASH  ON 

CLEAR  CUT  AREAS  HAVE  ON  THE  SOIL  AND  STAND 
RE-ESTABLISHMENT  IF  THE  SLASH  IS  FILED  ALONG  WITH  HEAVY 
MATF='IAL  SUCH  AS  CULL  LOGS?   IF  TH"^  EFFECTS  ARE  CEAT, 
HOW  LONG  REFORF  THE  SOIL  RECOVERS?    FI'F  INTENSI TV, FUEL 
REDUCTION, HUMAN  01 STURB ANCE » SOIL , REPR ODUC TI ON 

1*1*9.       05    7U6    WHAT  EFFECT  DOES  THE  SEEDING  OF  GRASSES  ON  A  FTpE 
AREA  HAVE  ON  PLANTET  TREES?  DOES  IT  INCREASZ  09  ""CEAS^ 
THE  CHANCE  OF  SURVIVAL  OF  THE  PLANTED  T^E'^S''   IF  GPflSS 
IS  SEECEDt  SHOULD  THIS  RE  DONE  JUST  PRIOR  TO  PLANTING 
TREES,  OR  ONE  OP  TWC  YEARS  EARLIER?    TIMI NG, HERBAGE 
UNDEPSTORY,PLANTING,FIPE 
EFFECTS,REPROCUCTIO^,COMPETITTON 

k5Q,       05    7kf>         WHAT  TS  THE  INCIDENCE  OF  SEEDLINGS  WHtOE  SLA-^H 
PILES  HAVE  BEEN  RUPi^'ED  IN  PARTIAL  CUT  AOEAS'' 
REPP0nUCTICN,ASH,CHARCOAL,NUTRIf^NTS,FUEL  "'EDUCTION, HUM  AN 
niSTURDANCE 

kSl.        05    331    THERE  IS  A  NEED  FOR  D'^VELCPIKG  MDDc-ls  TO  SHOW 

ACRES  SAVED  FROM  RURNING  AND  ASSOCIATED  ''RUSH  CONTROL 
WITH  VARIOUS  LEVELS  OF  opoTECTICN,   THE  COS^  ^LUS  LOSS 
A«»Pf?OACH  DOESN'T  GIVE  INSIGHT  TO  WHAT  IS  AN  ADEr^UATF: 
LEVEL  OF  PROTECTION  UNDER  A  GIVEN  Si^T  OF  CIRCUMSTANCES. 
GENERAL  FIRE  MANAGE^'ENT 

k52,       05    331    THERE  IS  A  NEED  FOP  MOPE  E'^PhaSIS  ON  FUf="LS 

management:  particularly  in  regards  TO  DETERMINING  NEEDS 
AND  f'ETHODS  FOR  FUEL  REDMCTTCN,  THE  ASSOCIATED 
DEN-FIT/COST  AND  FISCAL  ''ESPCNSIOIL I T  I^S  (PURLIO.  OR 
LANDOWNER!  .    G^'NERAL  FIRE  MANAGEMENT 

'♦53.   06    171    IN  THE  RLACK  HILLS,  SOUTH  DAKOTA,  PONOEROSa  PTNE 
OFTEN  noQws  IN  VERY  DENSE  "DOG  »M^"    STANDS.   TH^SE 
STAN'^S  APPEAR  TO  BE  MOST  COM^'0N  ON  SOILS  D'^RIVED  FPCM 
METAMORPHOSED  PPECAMRRIAN  QUARTZ-MICA  SCHISTS.   THE°E  IS 
GOOD  EVIDENCE  THAT  THE  PONDEROSA  PTNE  FORESTS  OF  THE 
^LACK  HILLS  HAV=^  A  LONG  HISTORY  OF  PIPES.   ^^Y  QUESTION 
IS  TWO-PA'TEOt   ARE  THE  DENSE  "DOG  HAIR"  PONDEROSA  PIKE 
STANDS  DIRECTLY  "FLATED  TQ  THE  ^IRE  HISTORY  OF  THE  ST^E? 
IF  SO,  WHAT  IS  THE  INTERACTION  CF  THE  GEOLOGV-SOTL 
FACTOR  AND  FIRE  WHICH  TENDS  TC  PRCDUCE  "DOG  HAIR"  STANDS 
ON  SOME  SITES  AND  NOT  ON  OTHERS''    FUEL/'?IO^'ASS 
ACCUMULATION, DENSITY, FIRE  FPE QUE NC Y , SOIL 


'+5«*.   06 


U55.   06 


250    WHAT  IS  THE  E»^»^ECT  OF  DIFFERENT  DENSITIES  OF  ^L^ 
POPULATIONS  ON  RE  f^RCDUCTI  ON  OF  ASFEN  (1)  WITH  FI'E 
EXCLUSION,  ANC  (2)  WITH  FIRFS  OF  VARIOUS  FREQUENCIES  AND 
INTENSITIES?    FTRE  EXCLUS  T  ON  ,  P  IRE  FREOU- NCY  ,  FTPi^ 
INTENSITY,  REPROCUCTTON,n^ciDU0US  FOPEST,GAMcr 
ANI>'AL,P0PULATI0N,DENSTTY,Rc^FP0CUCTI0N,HEROTV0PY 


(♦56.   06    ?97    WHaT  rHAMHES  IN  AVAILABLE  ^CPAG?  OCCUR  IN  A  RtJPN, 
AND  WHAT  FACTORS  IN«^LUeNCF  THE  UTILIZATION  OF  thESF  foO<? 
SOURCES''    HEPniVOPY 

(♦57.   C6    297    WHAT  FACTC-^S  AR'^  IMPORTANT  TC  LOnGEPOL^-  PINE 

REGENERATION,  ANT  WHAT,  i^ESIOE'=:  FIRc  INTENTTTY,  AFF^Qyc; 
REPROOUCTTCN  HENSITY  FOLLOWING  firf?    RE  ppooUCTI  OtJ  ,  ""I '<" 
INTENSITY, V5GETATI0K 


i+58.   3'=> 


297    WH'\T 
MUTPIENTS 


TS  THE  FATE  OF  MINERALS  pELEASEO  RY  THE  FI'E? 


(+59.   06    297    WHAT  PAFflMET^^RS  AFFECT  NATU'^AL  FU-L  ACC  U^tJL  A  T  TON 

ANO  n^G  =  AnATICN,  ANC  HOW  DO  THESE  PARAMrTERS  VA^Y  TN  TH"^" 
OIFF-PENT  CC^MUNITY  TYPPS  0^  HABITAT  TYPr^^r. 
FUEL/BIOMASS  ACCU^'UL  A  T  I  ON,  MOR  TflLI  T  Y  ,  0  ECOMpOSI  TTQN 


CAN  WE  EXPECT  SUCCESSFUL  PEG^NERATION  OF  ASPFN 
5HRU"  SPECIES  FCLLOWIMG  FIRE  ON  A  RANGE  '^^'AT 


rtNH 


'♦eO.   06    298 

OTHER 

"ECIEVES  A  HEAVY  LEVEL  OF  UNGULATE  nPOWSlNC   HOW  MANY 
ACRES  NEED  °F.     RURNEO,  ANO  UNOFR  WHAT  CONOITIQNS,  IF  ONE 
TS  TO  EXPECT  SUC'^ES'^FUL  pEGENPR  AT  10  N?   IT  S'^EMS  ttvcly 
TO  INVESTIGATE  THIS  PEL  ATI  ONS  »-TP  IN  OTHER  REGIONS  Or  TH 
WEST  WHERE  UNGULATE  RROWSING  HAS  REEN  A-^TPinUTEC  TO  THE 
OEMISE  OF  AS^EN.    GAME  AN  I MAL ♦  C^  C ^ OUOUS 
FOREST, HER ^IVORY, AREA 
SIZE,REPROnUCTTCN,SUCCFSSinN,SHRUPLANn 


t*61.   CS    298    IT  IS  EVIDENT  THAT  SUf^ALPINE  fio  mas  BEEN  HIGHLY 
IMPORTANT  IN  THE  01^:1  OF  WIMT^RING  "^'OOSr  OV'^''  THf  PAST 
SEVERAL  OECAOES.   EXTENOEO  OBSERVATION  OVER  SEV^pgL 
YEARS  INOICATES  THAT  THE  AVAILARILITY  OF  SUIALPIN-  FIP 
TS  ON  THE  r-CLINE  OWING  tq  ACCUf'UL  ATI  V£  HEAVY 
UTILISATION  ANO  UNAVAILABILITY  CWTNG  TO  G^^OWTm.   W<^  ME^n 
RESEARCH  HATA  ON  WHAT  VEGETATIVE  TYPES,  UNPEP  WHA'^ 
CONHTTIONS,  AND  IN  WHAT  TIME  OERTCC  WE  '-IIGHT  EXP^^CT  T*^ 
GET  SU[>ALPINE  FIR  FCLLOWTNG  BURNING.   WHAT  IS  THE  TIME 
LAG  CF  SUBALOINE  FIF  REGENERATION  IN  A  L00GE°OL~  PINE 
STANC  FOLLOWING  BURNIKG   COt'PAR-0  WITH  FOLLOWING 
CLEARCUTTING?    SUCCESS I^N, GAPE  A MMAL ,HER9 IVORY 


£♦62.   06 


kbl.       G6 


298    WHAT  IS  THE  »^CNETARY  LOSS  DUE  tq  WILOFIRE  TN  A 
SAGEBRUSH-ASPEN  OR  AS  PE  N-COM  I  FfR  A'^SOCT  A  TION?   (WE  Hc^Ao 
SO!-*^  WILD  FIGURES  THROWN  AROUND.   IT  APPEARS  TIV^'LY  THAT 
A  COFPARISCN  OF  SUPPRESSION  COSTS  ?~    "AOE  WI^H  ACTi)AL 
OAMAGE.   A  CALCULATION  OF  WILDLIFE  BENEFITS,  IN  OOLLAo^, 
IN  THESE  TYPES  f-IGHT  SERVE  TC  PUT  US  ON  A  POURS-  OF  FIRi^ 
•^ANAGEM-NT  INSTEAD  GF  THE  PRESENT  HF  AD-IN- TH^: -S  ANO 
^PPRIACH  OF  TOTAL  SUP^RESSI  CN  .  )    FT!:>E 
EXCLUSION, ECONOMIC  EFFECTS  ,  GENERA  L  FlRf  MANAG-'^<^NT 

298    WHAT  IS  THE  SUCC^SSIONAL  SECUENCE  OF  OECTPUOUS 
SPECIES  SUCH  AS  MOUK'TAIN  ASH,  SCOULER  WILLOW,  BOG  "IRCh, 
RUSS^^T  BUFFALO  BE^PY,  BEAR^ifory  HCNEY  S'JCKL'^',   AMQ  CTHCR 
SHRU'^S  WHIG'-'  ARE  UTTLI7t^3  WHEN  AVAILABLE  py  WINTERI^G 
^OOSE?   WHAT  TAKES  PLAC^:  WHEN  AN  APt^A  CONTAINING  ONLY 
REMNANTS  OF  THE,SE  SPECIES  o^JR^^s  OVER''   OOES  IT  TAKE 
SEV="RAL  YEARS  OP  S'^VfRAL  nECAOt*^  FOP  THESE  SPECIE'S  TO 
FILL  IN  AND  BECOME  ^^EEST  ARLIS  t-EH?   OR,  ARE  SO'^f  PLANT 
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ab'iiaciATioNS   so  fap  gone   that  they  stanh  no  chakce   of 

neiNG  REJUVINATEO  RV  FIRE?   -  (IT  APPEARS  WE  NE^G  SO^r 
PPFSCinEO  BURNS  AMP  INTENSIVE  SAhPLTNG  TO  CETERN^TNP 
THESE  PELATTCNSHIPS.   IT  IS  EVIDENT  WE  NEED  IN^OR»-ATION 
OF  THIS  NATURE  IN  ORDER  TO  DETERMINE  WHETHER  CEPTATN 
SUBALPINE  FIR  TYPES,  NOW  SUPPORTING  WINTERING  WCOSF, 
COULO  LIKEWISE  SUPPORT  MOOSE  IN  EARLY  STAGES  OP 
SUCCESSION.   IT  IS  RATHER  CLEAR  THAT  MOST  WILOLIFF 
SPECIES  ARE  RENEFITEO  flY  FIRE  AND  DO  WELL  IN  EA^LY 
STAGES  OP  SUCCESSIOh;  HOWEVER,  IT  IS  NOT  SO  EVTOfNT  WITH 
RESPECT  TO  MOOSE.)    SUCCE SST CN, G AME 
ANI^'AL,  SHRU3LANn,HEPBTV0RY,REFRCnLrTI  ON 

'♦eV.   06    299    DETERMINE  THE  PREHISTORIC  (I.E.  PRE  ^URO  A^^EPTCAN 
MAN)  FREOUENCY  OF  FIRE  IN  VARIOUS  CONIFEROUS  FOREST 
TYPES  -  I.f.,  FR£0.,SI7E,  INTENSITY  USING  ANALYSTS  OF 
PIPE  SCARS  -INFEPEN^ES  PRO^^  EAPLY  PHOTOS,  ETC. 
EXPERI^^ENT  ORIENTEP  OUFSTION 

kb5,       06    303    HOW  00  THE  BIOLOGICAL  ANH  CHEMICAL  "^PFrrTS  OF 

PRESENTLY  USED  LOGGING  PPACTICES  IN  VARIOUS  FOPEST  TY^^ES 
COMPARE  TO  THE  BIOLOGICAL  AND  CHEMICAL  EFFE'^TS  OP  PAST 
WILP  FIRES  IN  THESE  FOPEST  TYPES?   CAN  LOGGING 
TECHNIOUES  BE  MOniFIEO  SO  THAT  THES^^  EFFECTS  ARE  OU"^TF' 
SI^'ILAR?    MANIPULATION  COMCflPTSON 

^♦66.   C6    300    HOW  DOES  fl^f    SUPPRESSION,  WHTCH  "RESULTS  TM 
INCREASES  IN  SHRUB  AND  FOPEST  COVER,  AFf^ECT  THE 
HYORCLOGIC  CYCLE  IN  S°ECIFir  ECOSY^TE^'  TYPES?   PPES 
OEC'^EAS'^0  STREAM  PLCW  OR  LOWERING  C  THE  WATER  tarlF 
COM'•'C^'LY  RESULT?    FI=>E  EXCLUSICN  ,  H  YOCOL  OGY 

^67,   C6    30C    THE  PROCESSES  OF  OECO»^PCSIT  IC  N  FOLLOWING  FIRE,  AND 
IN  THE  ABSENCE  OF  EIRE,  NE'^'P  PUALITATIvt^  ANP 
QUANTITATTVL  STUDY.   HOW  DO  CPGANIS'^S  INVOLVED  OIFFPR'' 
DECOMPOSITION.KICROORGANISM 

kh8,       36    300    QUANTITATIVE  COCUM ENT A T  ION  IS  NEEDED  FOR  FU-L 
BUILDUP  OR  REDUCTION  OVE"  TIME  IN  VARIOUS  ^COSYSTEM 
TYPES.   SOME  RESOLUTION  IS  NEEDED  BETWEEN  THE  COVPFPTS 
THAT  "PIRE  BREEDS  MCR'=^  PIPE"  AND  THAT  "AFTER  LONG  ENO'IGH 
FIRE  SUPPRESSION,  FIRE  BECO^'ES  INP  V  IT  A"  LE  .  " 
FUEL/BIOMASS  ACCUMULATION , EYPPPIMENT  ORIENTEP  DU-STIOM 

t*69.   C6    k71  CAN  WE  PREDICT  ELA^Sc-D  TI^-E  WH=-N  NATUPAL 

REGENERATICN  WILL  PCLLOW  NATUPAL  OP  MAN-CAUSED  FTpES? 
ALSO,  IF  NATURAL  REGENERATION  DOES  NOT  FOLLOW  PIRF,  IS 
THI?  DUE  TO  A  NUTRIENT  OR  SOIL  LIMITATION  WHIC^  WOULD 
DISCOURAGE  SEEDING  CR  PLANTING?   IF  SO,  FOP  HOW  LONG  A 
TIME  IS  THIS  CEFICTENCY  A  SIGNIf^ICANT  PACTQP'' 
REPRODUCTION,  FIRE  EFFECTS,  PL  ANTING,  SOIL,  NUTP  I  i^NTS 

^70.   06 


'♦71.   36    k7t*  WHAT  EFPFCTS  DO  ASHES  HAVE  CK  STPEA^*'^  IN  P"^LATICN 

TO  AQUATIC  LIFE  FRO^  LOHGEPOLF  SITES?   S°RUCG-FTR  STTFS? 
WHAT  CONIC- NTRATIONS  OF  ASH  ARE  HARVFIJL''   SHOUL*^  CATCH 
RASINS  ^E    USEO  TO  K  =  E^    ASH  OUT  OF  STREAMS'' 
ASHtSTPEAS- »FIRE  EFFrcTS,  CONIFEROUS  «^0PEST 

k72.        06    k7B  IS  ORGANIC  FEFT IL 17 ATTCN  PRACTICAL  IN  SITUATIONS 

WHERE  HOT  FIRES  HAVE  DESTROYET  SOIL  NUT'IENTS? 
SOIL, NUTRIENTS, HEAT  Ei^FECTS,  FIRE  EFFECTS  ,  HUMAN 
OISTURBANCE 

^473.   :6    666    WHAT  ARE  THE  EFFECTS  (PHYSICAL!  O'^    ^TRE  ON  "^FALL 

COLT  WATER  HRATNAGES  WITH  REFERENCE  TO  STL^,  TE^'PER  ATUR«^ 

CHANGES  IN  STPEAM  PHYSIOGNOMY  ANO  nyRATION  P«^  T*^PACT? 

WHAT  ARE  THE  EFFECTS  (niOLOGICAL)  ON  AQUATIC  f"AUNfl, 

TROUT  SPAWNING  AREAS  ANO  DUPATICN  OF  IMPACT'' 

STREAM, FIPE  EFFECTS, SOIL 

EROSION, TIMING, FISH, AN  TMALS,ECOSY«^TEM 

k7k,        as    667    IS  THE  SAVANNA  OF  THE  HUPSOMAN  "'ONE  IN  NQPTHWEST 
MYO^^ING  THE  RESULT  CF  PE'?IOnir  WILO'^IRE?   TF  SO,  WHAT 
WILL  BE  THE  LCNG-TER^^  EFFECT  ON  THIS  REGION  I  f^  FIRES  APE 
CONTROLLEO  "Y  MAM?    GP  ASSL  A  NP  ,  ri  eg  EPr^r  JS ,  "^  IPE 
HISTORY, FIRE  EXCLUSION, EC  OS  VSTI^M 

k75,        :6    667    WOULD  IT  BE  POSSIBLE  "^C  CCMFILE  ANO  PUBLISH  INTQ 
ONE  COMPDFHENSIVE  REPORT  THE  MANY  ASPECTS  OF  FIPE  ANO 
ITS  EF'^eCT  ON  noowS'^?   INCLUC^D  SHOULO  BE 
RECOMMENOATIONS  FOR  MANAGEMENT.    EIRE 
EFFECTS, SHRUBLANO,WTLnLIFE,'",AME  A  N  I  MAL  ,  GENP  PAL  FIRE 
MANAGEMENT 

f+76.   :6    668    WHAT  CHEMICAL  CONSTITUENTS  CAN  BE  Ey^ECTEC  IM 

RUNOFF  FROM  BURNED  GVE"  FQREST  LANOS?   WHA^  CHA'^'GE'^  IN 
SURFACE  WATTR  OUANTITY  ANO  '^UALITY  CAN  BE  EX"ErT'^n  P^OM 
A  BU'^NEO  OVER  ORAINAG^  AREA?    STREAM, FIRE 
EFFECTS,SOIL-WATER  RFLATTONS 

k77,        C6    66fl    WHAT  ^FFECTS  CO  FIRE  ^CAO  ANT  "^IRE  LTNE 

CONST^UCTTCN  HAVE  ON  SILT  OEFCSITION  IN  STRc-AMS  WITHIN 
ANO  "iLOW  THE  FIRE  AREA''    HUMAN  CTSTUROANCE ,  STPEAM , SOIL 
EROSION 

U78.   j6    670    FROM  A  STAMOPCINT  OF  STREAM  MORPHOLOGY  AND 

R^SIOENT  TROUT  POPULATIONS,  WHAT  APf^  THE  ADVANTAG-S  <TF 
ANY)  AND  OISADVANTAGES  OF  FIRC    STREAM  ,  F  I  SH  ,  P  I^E 
EFFECTS 

^79.   D6    671    OOES  FIRE  STF^ILT7E  THE  SOIL  THUS  REOUCING  Tht 
NUTRIENTS  ENTERING  A  STREAM  ANO  THUS  REOUriNG  THE 
PRODUCTIVITY  OF  THE  STREAM''  HOW  LONG  A  p="RIO0  TS 
PEOUIREO  POP  THE  SOIL  TO  R^^TUPN  TC  I'^S  ORIGINAL 
COWPCSITl  ON?    STRE  AM,  NUTRIf^NT'^.oPCOUCT  I  VI  TV,  SOIL,  HE  AT 
E  F  P  E  C  T  S 

kfiQ,       06    671    IN  FIRE  SUPRESSION  ACTIVITIES,  WHAT  Ei^FECT  PPES 
SLURRY  HAVE  UPON  THE  WATER  CHEMISTRY  CF  THE  STREA'^  ANn 
THE  CPGANISHS  LIVING  IN  THE  WATEPS?    CHE'^'ICAL  RETAphant 
EFFECTS, STREAM 
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U81.   06    7?-Z  DOES  THfe  SUPPRESSION  OF  FTRE  HISTORICALLY  HAVE  A 

VALUABLE  COST  BENEFIT  PATIO  IF  ^►'eER  PPODUCTTO^)  AND 
COSTS  OF  SUPPRESSION  ALOME  ARE  CONSIOEPEO?    ECONOMIC 
EFFECTS, GENERAL  FIRE  MANAGEMENT 

i+82.   36    723    IN  THE  ROCKY  FOUNTAIN  AREA,  IN  WHAT  SEASON  WOULD  A 
FIRE  HAVE  t-OST  BENEFICIAL  VALUE  TC  ELK  ANT  mu^f  Pii^p 
HABITAT  IN  A)  SPRUCE  COMMUNITIES?  n)PONnEPOSA 
COMMUNITIES?   C)SAG=^  BRUSH- JUNiapp  COMMUNITIES''    CAME 
ANIMAL, FIRE  EFFECTS , TIMING , COMMUNITY 


^83.   06    723    IS  THE  CHAINING  (UP-ROOTING  AN?  KILLING)  OF 

oiNCN-JUNIFFR  GROSSLY  SIMILAR  IN  ITS  EFFECTS  ON  ^ULF 
TEER  AND  OTHER  WILDLIFE  HABITAT  TO  FIRE-BURNEO  AREAS 
SIMILAR  SIZE  AND  SHAPE?    MANIPULATION 
COMPARISON, WILDLIFE, GAME  ANIMAL, AREA  SI"^E 


OF 


k%k,       06    7?i»    TOES  FIRE(NATURAL  OR  SLASH  BURNING)  HAVE  ANv 
MEASURABLE  EFFECT  ON  THE  LEV="LS  OF  HEART  ROT  !\ND/CP 
ROT  <^OUND  IN  SUCCESSOR  STANDS'' 
OIStASF,SUCCESSION,STEM,FIPt  EFFECTS 


BUTT 


^♦85.   06    7Zk  WHAT  ARE  THE  EFFECTS  OF  EXCLUDING  FIRE  Fpqm 

LCDGEDOLE- ASPEN  ASSOCIATIONS  WH^^N  MUCH  OF  THE  LOOG^POLE 
HAS  BEEN  KILLED  BY  RE="TLES,  OP  ''UCH  OF  imp  AS"FN  HAS 
BEEN  KILLED  BY  ELK?   WHAT  WOULD  BE  THE  EFFECTS  OF 
BURNING  ON  COMPCSITION  AND  TIMT  OF  E-^TABLISHMENT  O*^ 
SUCCESSOR  STANDS?    SUCC- SS  ION  ,  OE'^ICUOUS 
FOREST, CONIFEROUS  F CREST, INSECT, FUFL/RIOM ASS 
ACCUMULATICN,  GAME  AMMAL.FIPE  fycLUSICN 

£♦86.   06    72i*         WHAT  ARE  THE  EFFECTS  OF  FIRE  AND  FIRE  EXCLUSION  TN 
ASSOCIATED  ASPEN  AMD  LODGEPOLE  STANDS  ON  THE  nQDULATION 
GROWTH  OF  RUFFED  GRCUSE''    niPCFIPE  EXCLUSION,  FI^E 
EFFECTS, DECIDUOUS  FOREST , CONI FEROUS  FOREST 

'♦87.   06    72'*    WHAT  ARE  THE  SHORT  AND  LONG  TFRM  EFt^FCTS  OF  FIRE 
ONi  WATER  QUALITY  IN  SMALL  STREAMS?  SEDIMENT,  CHEMICAL 
COMPONENTS,  AND  WATER  TEMPERATURES  ARE  OF  TNTEPEST 
PARTICULARLY  AS  THEY  RELATE  TO  TPCUT  HABITAT  AMD 
SPAWNING  AREAS.   HOW  LONG  WOULD  THE  SEVERAL  EFFECTS 
LAST?    STREAM, FIRE  EFFECTS, NUTRI ENTS  , FISH 

(♦88.   07    09U    GIVEN  CCMPLETE  AND  CONTINUOUSLY  SUCCESSi^UL 

PROTECTION  FROM  FIRE  IN  SEOUOIA  GROVES,  WHAT  EVENTUAL 
DLANT  COMMUNITY  COMPOSITION  WCULD  DERIVE?  IN  SUCH 
CIRCUMSTANCES,  AND  BARRING  OTHER  CATASTROPHIC  EVFNTS, 
WHAT  LENGTH  OF  LIFE  MIGHT  ACCPUE  TC  THE  GIANT  SfOUOIA? 
FIRE  EXCLUSION, VEGETATION, SPECIES 
DIVERSITY, SUCCESSION, COMPETITION, AGE 


^89.   07 


^♦90.   07 


09<t    IN  A  DROGPAM  CF  REGULAR  PRESCPIPTION  BURNING  AT^ED 
AT  FIPE  HA7ARD  REDUCTION,  WILL  THE  "OtJND ARIF*:;  OF 
INDIVIDUAL  GPOVES  CHANG-  AS  A  RESULT?   IN  OTHER  WCPrs, 
WHAT  HAS  BEEN  THE  POLE  OF  FIRE  (IF  ANY)  IN  DELIMITTNG 
THE  PRESENT  RATHER  ISOLATED  SEOUOIA  GROVES?    PR£SCRIB'="D 
FIRE,FUEL/BIOMASS  ACCUMULATION,  "^COTONE,  AREA  ST^E 


Ogt*    WHAT  IS  THE  RELATIONSHIP  OF  SOIL 
DIFFERENCES  RESULTING  FROM  WILD  AND/OR 
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TEMPERATUPE 
PRESCRIPTION 


FIPFS  ftNO  THE  SUCCESS  OP  LACK  THEPEOF  OF  SEOUOTfl 
REGENEPftTTCN?   HOW  DO  OTHER  flSSCCIATE  PLANTS  RESPOND  TO 
THIS  HEAT  OTFFEKFNTTAL?    FIRE  INTFMS ITV,  MANT  DtJLATION 
C0MPARIS0N,MICRCCLiyATFtPEPP0DUCTI0N»C0HOFTITT0N 


WATEP-YIELD  CHANGE  FOLLOWING  WILDFIPt^ 
)  3URNS,  INCLUniNG  SLASH  DISPOSAL)? 
;,  ANP  DURATION. >    HYDROLOGY 


U91.   07    035    HOW  DOES 
(AND  CONTROLLED 
CAMOUNT,  TITNG,  AN^  DURATION. >    HYDROLOGY 


k92,       07    097    IF  NATURAL  FIPE  FREQUFNCIFS  COULD  BE  ALLOWED  IN 

SOME  AREAS  OF  SOUTHERN  CALI^CRNIA  CHAPAP'AL  BOPPFPIKG  ON 

oiNF  FOREST,  WHAT  WOULD  BE  THE  RESPONSE  OF  TH^^  A-^JACENT 

°IN':  FOREST  IN  TERMS  OF  FIRC  FPEOUPNCY  AND  FU="L 

COMSUMPTION''    70NATI0N,FIRE  FREOUENCY  ,  FI^F 

•BEHAVIOR, FUEL/RIOMASS  ACCUMUL ATIOK, FI RE  EXCLUSION, FUEL 

REDUCTION 

k93,       07    17'*    WHAT  EFFECT  00  DIFFERENT  ^IRE  SUPORF«^ST0N 

ACTIVITIES  HAVE  ON  "^IRE  INTENSITY?   DOES  THE  Li^NGTH  0^ 
TI^-E  BETWEEN  FIP"^  L^AD  TO  MORE  INTENSE  riPFC? 
DppiPHERAL  TO  THIS  ARE  THE  FOLLOWING  QUESTIONS.   WHAT  IS 
THE  RELATIONSHIP  BETWEEN  FIC'E  INTENSITY  CHEAT  FLUX)  ANO: 
(1)  THE  AMOUNT  OF  LITTER  AND  VEGETATION  OESTPOVFO  nyPING 
FIRE!  (?)  THE  AMOUNT  OF  NITPATF,  Av(^ONIUM,  AN1  TOTAl 
NITROGEN  REMAINING  AFTER  A  FIRE   ANC  (3»  THE  PRODUCTION 
OF  A  WATER  REPELLENT  SOIL  CONDITION''    FIDE 
EXCLUSION, FUEL/RIOMASS  ACCU^ULAT ICN,F  IPF  INTENSITY, FI^E 
BEHAVIOR, FUEL  REOUCTI CN , NUTRIENTS , SOI L-WATER  RELATIONS 

'♦9'+.   07    17P.    I  BELIEVE  THAT  IT  WOULD  PE  WORTH-WHILE  TO 

INVESTIGATE  THE  IMPORTANCE  OF  PRY  RAVEL  MOVEMENT  AFT^P 
f^IRE  ON  SLOPES  WITH  RESPECT  TO  THE  LOSSES  OF  NUTPIFNT*^ 
FROM  PURNEC  SLOPES  AND  ITS  EFFECT  ON  SE^^D  GER'^INflTTON. 
THE  LATTER  EFFECTS  COULH  INCLUD*^  CARRYING  SEED  FROM  THE 
STEEP  SITES,  COVERI^G  SEED  AND  PRCTECTING  IT  FOOM 
RODENTS,  OR  PERHAPS  JURYING  IT  TOO  DEEPLY  FOD 
GERMTNATTON  AND  ESTABLISHMENT.    SOIL 
EROS  TON,  TOPOGRAPHY  ,  NU  TPIt^  NTS  ,  SE  ED  ,  REPRODUCTION,  H^^RPTVODY 

k'^5.       C7    ?52    CAN  THE  ALTERATION  OF  THE  VEGETATION,  IN  T<^RMS  0^ 
H0RI70NTAL  AND  VERTICAL  DIVERSITY,  RF  USED  TO  PR'^OTCT 
R«^ACTIONS  PY  ANT^-AL  POPULATIONS  IN  TERMS  OF  SPECIES 
OCCURRENCf^,  DISTRIBUTION,  AND  DENSITY? 
VrGFT/iTION,ANlMALS, SPECIES  r  I  V^PS  IT  Y,  POPUL  A  TT  ON 

£♦96.   C7    ?5?.  WHAT  IS  THE  OPTIMUM  (OR  DESIRABLE)  SIZE  ANn/OR 

SHAP-  Of^  A  DURN  THAT  WOULD  RESULT  IN  A  »^ORE  DIVtPSF 
ANIMAL  COMPOSITION  THAT  INCl  UPt^S  THE  CLIMAX  COMMUNITY 
SPECIES?    '•'OSAIC,  APEA  SI7E, SPECIES  DIVERSI  TY  ,  ANIMALS 

^+97.   07 


ttSa.   07    357    HOW  CAN  PRESCRIBED  BURNING  BE  USED  TO  MAXIMI7E 
BPOWSE  AND  HERilACEOlJS  VEGETATION  PRODUCTION  IN  THE 
UNOEPSTOR/?    PRESCRIBED  FIPE,SHRUB 
UN OERS TORY, PRODUCTIVITY 
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U99.   C7    ?57    HOW  OOES  FIRE  AFFECT  THE  NUTPITIONAL  VALUt^S  OF 
SEEDS  ON  THE  SURFACE  OF  THE  SCIL?    NUTP I£NTS , SEED 

500.  07    257    HOW  DOES  PRESCRIBED  BURNING,  fqp  CONTROL  0^ 

LOOGEPOLE  PINE,  AFFECT  ADJACENT  MEflOOWS''    MOSAIC 

501.  07    257    HOW  DOES  THE  nuRNED  ENVIRONMENT  ArF£CT  THE 

BEHAVIOR  OF  RODENTS  (FOOD  HUNTING  ANO  MOVEHrMT  PATT^RKtS, 
CO'^PETITION)?  ARE  RODENTS  MOPE  SUSCEPTIBLE  TO  PPf^POTION 
AFTER  A  FIRE?  HOW  CO  SHALL  ^Af^MAL  REP'^Of^UCTI VE  '^'fiTT'^PNS 
RES<^CNn  TO  HABITAT  CHANGES  RESULTING  FPO'^  FIRE?  ANIMAL 
BEHAVIOR, SKALL  KAMMAL , E/PERIMENT  CPIcNT^O 
OUESTI0N,PREOATTON,REPRnnUCTICN 


502.   07    257    WHAT  AR F  THE  UNOERSTORY  SUCCESSIONAL 
RELATION  TO  DEER  HABITAT,  AFTER  BURNING  IN 
PINE,  AND  LOOGEFOLE  TYPES?    SHRUR 
UNDERSTORY, SUCCESSION, SPECIES  DIVERSITY 


FaiTERNS,  IN 
TRUE  PIP, 


503.   07    302    HOW  00  FUEL  LOADS  CHANGE  WITH 
TYpr^?    FUEL/BIOHASS  ACCUMULflTTON 


TiMf  IN  '^flJOR  FCPEST 


50'*.   07 


505.   07 


506.   07 


102    WHAT  IS  THE  FUEL  SITUATION  CN  A  SITE  RECENTLY 
PRESCRIBED  BURNEn--INVCLVI NG  HOW  HUCH  DEAD  AND  LIVING 
FUELS  ARE  LEFT  ON  THE  GROUND,  IN  the  UNDE'^STO^Y,  ANC  IM 
THE  CROWN?    FUEL/PIOHASS  ACCUMULATION 


1*83 

t^IRES    (EVERY 


WHAT    IS    THE    EFPrcT 

5  TO  8  YEARS) , 


OF  RE'^'^^ATFO  P^ESCRIB^D  GCOUNP 
CN  SHADED  FUEL  BREADS,  OS 

NUTRI'^MS''   CAN 


£♦91    A  NEED  FOR  DATA  WHICH  MIGHT  INHICATE  A  "PROXI  MflTELY 
HOW  OFTEN  NATURAL  FIP£  OCCURRED  IN  VARIOUS  VEGETATIVE 
TYPES  PRIOR  TO  MAN'S  INTERVENTI CN.    FTPE  FPEQUENCY 


507.   07 


508.   07 


509.   07 


t*91  WHAT  EFFECTS  WILL  HOT  SLASH  BURNING  HAVE 

ANP  REGENERATION?  P«^PEATED  BURNINGS?    FIRE 
INTENSITY, SOIL, RE  PR CDUCTT ON 


ON  SOILS 


^♦95    WHAT  ARE  THE  SUCCESSIONAL  TRENDS  IN  THE  AREA  ANO 
HOW  ARE  THEY  INTERRUPTED  BY  FIRE  AT  VARIOUS  STAGES? 
SUCCESSION 
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510.   07 


k95 


WH4T  EFFECTS  f^AN  BE  EXPECTEH  FROM  EVCFEOING  THE 


NATURAL  PERIOCICITY,  SUCH  AS  WE  ARE  PROBAPLY  DOING  IN 
AREAS  OF  Hir-H  MAN-CaUS'="0  FIRES?   WHAT  REBUPN  FREOU'^NCY 
TS  NECESSARY  TO  CAUSE  A  CONIFEP  STAND  TO  REVERT  TO  9PUSH 
"^lELOS  IN  THIS  AREA?    PIRF 
•FREQUENCY,  SUCCESS!  0N,SHO'J^L  AN  n 

511.  07    U95    WHAT  WAS  THE  AVERAGE  PTRE  oE°I00inTTY  dRTO''  tq 

SUPPRESSION?   WHAT  WAS  THE  NATURE  OF  FIRE  t'PIOP  Tp 
SUPPCESSIO^,  E.G.  WERE  THEY  LCW  INTrNjcjuY  SURFACE  FIRSTS 
OR  HIGH  INTFNSITY  C^OWN  FIRES?   ASSUMING  Fl^t^S  0»^  ^CTH 
TYPES  OCCURRED,  WHICH  TY^t  FIRE  PLAYED  THE  DOMINANT  POL" 
IN  SHAPING  THE  FOt'EST  eiOM'="?    FIRE  "^REOUENrv 

512.  07    5:^2    WHAT  ^FFECTS  TOES  FI'E  HAVE  ON  ARCH'^QLOGICfl  L 

ARTIFACTS  LYING  ON  THE  GROUND  SU°FflCE  OR  T^metIATFLY 
BELOW  IT  IN  PEGAROS  TO  THEIR  FUTURE  CARBON  Ik    DATING' 
HUMANJ  ECOLOGY 

513.  07    50U    HOW  CAN  FLELS  ^^.    ACCUFAT^LY  '^'r5p^piq£n  j^    ORDER  TO 

RELATE  THEf<  TO  HAZARD  RATINGS,  SO  THAT  they  CAM  PEA':'TLY 
HE  PECOGNI7E0  PY  PEOPLE  WITH  LI^'ITE''  EXPERIENCE? 
FUEL/niOMASS  ACCUMULA TION , EXPERIMENT  ORIENTED  OUESTTDN 

51U.   C7    507    HOW  CAN  WE  ESTI*^ATE  FTRE  BEHAVIOR  FQR  VARIOUS  FU«^L 
TYPES,  AND  "^HE  CHANGES  CAUSED  "Y  ADDING  LOGGING  SLASH 
AND  THINNING  SLASH?    FIRE  BEHAVIOR , FUEL/BIOM ASS 
ACCUMULATION 

515.  G7    507    HOW  "^UCH  ASH  CAN  WE  HAVF  flN^  STILL  GROW  TPFES? 

CAN  WE  PLANT  IN  SLASH  PILES?    ASH , PROOUCTI VI TY 

516.  07    5C7    WHAT  APE  THE  REASONS  UNRURNEC  ISLANDS  ARE  LEFT 

WHEN  SLOPE,  WINDS,  FUELS,  ETC.  ALL  INDICATF  Th:^  WHOLE 
SLOPE  SHOULD  BURN  CLEANLY?    FIR£  B>^H  AVIOR, '^UEL 
R=:'nuCTION 


517.   07 


6?«»    WILL  THE  CARB'^N  CREAT£r> 
H<^RniCinES  THAT  MIGHT  BE  USED 
OF  G'^ASS  OR  BRUSH  SPECIES? 
NUTRIENTS,  PL ANTINCrC^PETITICN 


OY 

TO 


"UPNING 
CONTROL 


TH-- 


UP  CFPTflIN 

EMEPGENC^ 


518.   07 


P,7U    WHAT  TS  TH-  SUCCESSIONAL  PATT^^RN  ANB  TIME  0*^ 
PEGROWTH  AFTER  COMPLETE  OR  'PARTIAL  PEMOVAL  OF  OVERSTOpy 
ANO/CR  IINDE^STOOY,  0»  BY  FI'E,   B)  BY  M--CHflNIGAL  Mt^ANS'' 
SUCCESSION,^^ANTPULATI0N  C0MPAPIS0N,C0NIF(^R0US 
FOREST, SHRU?  UNDERS TORY, HERBAGE  UNPERSTOPY, RE  PRODUCTION 


519.  l7  725    THE  EXCLUSION  OF  GROUND  FIRES  WITHIN  THE  NORTH«^pn 

CALIFORNIA  DISTRICT  HAS  BROUGHT  ABOUT  A  FOUP  SIC^D 
PR08LE'':  A)  ALLOWED  DENSE  STANDS  OF  HApDWOOH  3PUSH  flNH 
UNDESIRABLE  "WEED"  TR-^S  TO  DEVELOP  UNO-^R  THE  OLD  GpOWTH 
DOUGLAS-FIP  TREES.  THIS  HAS  FFF«^CTIVELY  ELIMINATED  TM^^ 
ESTABLISHMENT  OF  CONIFER  REPRODUCTION  IN  MANY  AREAS.  ^» 
ALLOWED  BRU^H  AND  WEED  TREES  TO  GROW  OUT  OF  THE  REACH  OP 
THE  BLACK  TAILED  DEER  pESULTING  I^  FEWER  DEEP,  DUE  TC 
LACK  OF  BROWSE.  C)  RESULTED  IN  AN  I'^PENCTRABLE  WALL  OF 
VEGETATION,  PREVENTING  ACCESS  TC  BOTH  MAN  ANO  LAPGE  GAME 
ANIMALS.  D)  THIS  RESULTING  HEAVY  STAND  0^    UNDERBRUSH 
INCREASES  THE  DANGER  OF  AN  INTENSE  BURN  WHICH  WILL 
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TESTROY  THE  SITE-BOTH  VEGETATION  flNH  SOIL.    IF 
PRFSn!?I3ED  GROUND  FIRE  IS  ONE  PCSSI"iLE  TREAtm'NT  FO'' 
THFS'^  CONDITIONS,  WHAT  MIGHT  P£  THE  EFFECT  O"^  VA'^IOfS 
SEASONS  (SOIL  AND  FUEL  MOISTURf^)  CF  BURNING,  i^NP 
FREOUFNCY  OF  PRESCRIBED  GROUNO  FIPES,  AS  SEi'N  IN  COK'IFFR 
REPRODUCTIVE  SUCCESS,  DEER  POPULATION  Q-NSITV,  GAf^E 
ANIh'AL  ACCFSS,  ANO  RE^'ATNING  FUEL  OUANTITv?    FI9E 
EXCLUSION,  FIRE  FRF  OUENCY  ,  T I  "^I  NG ,  REPRO  DUC  TI  ON,  G  A  H^ 
ANIMAL, FUEL/BIOMASS  ACCUMULAT  ION,  FRESCPT  ^"^0  "^IPF 

520.  07    7U7    WHAT  IS  THE  AVERAGE  TIME  THAT  A  FIRE  KTLLFI  SNAG 

WILL  STAND  BEFORE  NATURE  TAKES  ITS  COURS^  Awn  TT  FALLS 
DOWN  BY  ITSELF?  (BASED  ON  nTAHETE«5S,  OP  COUPS'^) 
SNAG,  AGE,  SI7E  CL  ASS  ,nEC0.1oO?I  TI  CN 

521.  C7    7^7  WHAT  IS  THE  EFFECT  OF  FIRE  TNTFNSITY  ON  FUTUP-^ 

CONE  PROOUCTTCN?   DOES  AN  INCREASE  IN  SEED  PROOUCTICN 
RESULT  ON  SURVIVING  TPEES'»    SEED, PIPE  INTENSITY 


522.   07    7£»7    WHAT  IS  THE  EFFECT  OF  FIRES  CF  VARIOUS 

INTENSITIES,  AMD  AT  DIFFERENT  TIMES  OF  Tht  veAP,  ON 
SEEDS  OF  ANNUAL  GRASSES  ANO  OTHEP  ANNUALS''    FIPP 
INTENSITY,  TIMING,  SE'="0,GPASSL  A  NO 


THE 


523.   07    7tt8    ASSUME  NO  PAIN  FRO:'!  MAY  TC  SEPTEMBER,  IN  STEEP 
MOUNTAINOUS  TERRAIN!   WHAT  MIGHT  BE  THE  COMPAPATIV^ 
EFFECTS  BETWEEN  (II  CRUSHING  SLASH  INTO  CUTOVER  SLOPES, 
VS.  (2)  PILING  AND  BURNING  SLASH,  WITH  Ri^GAon  TQ 
SEEDLING  GROWTH  ANO  PRODUCTION?   WOULD  SOIL  E^OSTON 
DIFF-P  WITH  THESE  CONTRASTING  TREATMENTS?    M  ANTD(jl  ATI  0^' 
COMPARISON, PFPR0DUCTI0N,VEG5^TATI0N, SOIL  EROSION 

52i*.   G7    7Ufl    ASSUME  NO  PAIN  FPDM  MAv  TO  SEPTEMBER,  IN  ST'E^ 
MOU^'TAINOUS  TERRAIN!   WHAT  '^TGHT  "c  THE  EFFECT  OF 
VARIOUS  0-GREES  OF  LOGGING  SLASH  REDUCTION  BY  BURNING, 
ON  THE  WIND  DESSICATICN  OF  SUBSEQUENT  SE^^OLINGS  ANP  THE 
SUPPLY  OP  LIGHT,  NUTRIENTS,  MOISTURE  ANO  HEAT  TO  TH^ 
SEEDLINGS?   HOW  WOULD  THIS  VARY  WITH  SLOPE''    PU^L 
REDUCTION, MICROCLIMATE,RrPRODUCTICN,NUTRIENTS,TOPOG'^ADHY 
,V£G=:TATI0N 


525.   C7 


526.   07 


7tf9    WHEN  IS  THE  MOST  OPPORTUNE  TIME  TO  REMOVE  RPUSH 
GROUND  COVER  FOR  A  FUEL  BREAK  SO  THAT  REGENi^R  ATION  JS 
MINIMIZED,  DURING  EARLY  SPRING  PEFOPE  INITIAL  GPOWTm 
STARTS,  OR  LATE  FALL  AFTER  GPOWTh  HAS  TERMINATED  Fpr  tH!^ 
SEASON?    GENERAL  FIRE 
MANAGEMENT  ,SHRUBL AND, REPRODUCTION  ,rOHMUN ITY , T THING 


527.   07    750    WHAT  IS  THE  DIFFERENCE  IN  THE  EFFECT  OF  SCf'ING 

FIRES  AND  FALL  FIRES  AS  FAR  AS  DAMAGE  TO  SAPLING,  POLE 
AND  LAPGER  STANDS?   IS  THERE  A  DIFFERENCE  BETWEFN 
REACTION  OF  CONIFERS  AND  HAPOWOCOS''    TIMING, HEAT 
EFPECTS, MORTALITY, SIZE  CLASS 
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528.   07 


529.   07 


530.   07 


531.   07 


750    WHAT  TS  THE  EFFECT  OF  REPEflTf^O  (EVERY  TWO  YEARS) 
GROUKD  FIRES  THRU  HAZEL  BRUSH  UNHERSTORY,  IN  MTX^O 
HARDWOOD  OCUGLAS-FI?  STANDS'*   WILL  HAZEL  CONTINUE  TO 
SURVIVE,  AK'O  WILL  THERE  3E  ANY  DETRIMENTAL  EFFECTS  ON 
OVEP^TORY?    GPnuNO  FIPEt^IRE  FPEOUFNCY, SHRUB 
UNDER STORY ,pR COUCTI VI TY 


750    WILL  BURNING 
VICINITY 


OF  PILEO  RRUSH  ANO  LOGS 


ST£PILI7E 
HOW  LONG? 


1^20  WHAT  EFFECT  00  LIGHT  GROUND  FIRES  AT  3-5  YEA^) 

INTERVALS  HAVE  ON  GROWTH  RATES  OF  EVEN  AGEH  ponpfroSA 
PINE  POLE  AMD  YCUNG  SAW  TIMBER  STANDS  WHEN  rOMOETING 
VEGETATION  IS  NOT  A  FACTOR?    FIRE  FREQUENCY , G=OUNn 
FIRE»PROnUCTIVITY 


532.   07 


533.   27 


53it.   07 


821?    WMAT  EFFECT  OC  RE^EATi-n  (t.c  yEAR  INTERVALS)  LIGH' 
GROUND  FIRES  HAVE  ON  AVAILARLE  SOIL  NUTRIENTS  TN 
PONOEPOSA  PINE  STANDS''    FI^E  FREQUENCY,  GPOUND 
FIP'.NUTRIEKTS 


<^21    IS  THE  USE  OF  LIGHT  GPQUNC  FIRES  (IN  CONNECTION 
WITH  THINNING),  IN  DENSE  ANO  EV=N-AGED  FIR  STANDS, 
DETRir^ENTAL  TO  VART^N  ANO  FISHER  POPULATIONS''    GROUND 
«^IRE, SMALL  MAM^^AL,  DENSITY 


535.   J7 


536.   07 


537.   C7 


821    TO  WHAT  EYTENT  DOES  THE  EVCLUSION  OF  GROUND  Florc; 
FPO^'  MEAOOW  LANDS  (EL^^VATION  5000-7(700  FT.|  ponHOTF 
LOOGEPOLE  PINE  ANn  REG  ALDER  ENCRCACHfENT  ON  NATURAL 
G'ASS  COVER?    FIRE  EVCLUSI ON, GROLNO 
FIRE, SUCCESS I  ON, GRASSLAND 


■^22 


NATURAL    i^IRE    FREQUENCY,    WILL 
NUTRIENTS    BECOME    LOrKED-UD 
ui.iz''    M'Nu    .^i-Hon    MINI.    THEREBY    REDUCE:    TREE    GROWTH'' 
FREQUENCY, NUTRIENTS, LI ITER, PRODUCT  I VI  TV 


IN  DECREASING  THE 
LARGE  CONCENTRATIONS  OF 
LITTER    AND    SLASH    AND 


TN 


822    WHAT  IS  THE  EFFECT  OF  DECREASING  THE  NATURAL  FIPF 
FREQUENCY  AS  SEEN  IK  LITTER  ACCUMULATIONS  DO  RATES  CF 
OECC^^OSITinN  CHANGE  AS  DEPTHS  INCREASE?    FIRE 
FRFOUENCY, LITTER, DECOMPOSITION 


538.  07  a?2  WHAT  IS  THE 
FREQUENCY  AS  SEEN 
AnUNDANCE  CF  ROOT 
FREQUENCY, DISEASE 


EFFECT  OF  CECR'^ASING  THE  NATURAL  FIP«^ 
IK  THE  FREQL'^NCY,  DISTRIBUTION  ANO 
ROT  DISEASES  OF  CONIFERS?    FIPE 
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539.   07    822    WHAT  TYPE  OF  LOGGING  SYSTEM,  flNO  FOLLOW-l)P 

TREATMENT,  WOULD  NOW  MOST  LIKELY  CUPLTCATE  THE  E»^FrCTS 
OF  PERIODIC  NATURAL  FIPFS?    MANIPULATION 
COMPARISON, FIRE  FREQUENCY 

5t»0.   07    B22    WITH  A  DECREASE  IN  THE  NATURAL  FIRE  FRFQUtNCY  OVER 
LARGE  REGIONS,  IS  THERE  A  P0SSI5ILITY  OF  CERTAIN  RA^F 
PIONEER  PLANT  «=;pECIES  PECOMING  ^xTINCT  DUE  TO  THE 
GRADUAL  ATTRITION  OF  VIABLE  SEED  SOURCES''    FIRE 
FREQUENCY, SEED, REPRCHUCTION 

5^1.   C8    510    WHAT  IS  THE  EFFECT  OF  CHANGING  THE  SEASONAL  TIMING 
AND  RE8URN  FREQUENCY  AS  SEEN  IN  THC  DOMINANT  pqsT-FIPE 
PLANT  SPECIES  IK  PI  NYON- JUNIPER  INVADED  SAGf^°lRUSH 
COMMUNITIES?    TIMING, FIRE 
FREQUENCY, GCM PET  IT  I CN, SUCCESSION 

5U2.   09    51<»    FIRE  HAS  CREATED  THOUSANDS  CF  ACRES  Or  THICK 

SUPPRESSED  STANDS  OF  LCOGEPOLF  PINE  DUE  TO  THIS  SPEf'IES' 
SEROTINOUS  CONE  NATURE.   THFREFCRE  FIRE  SHOULD  ^r 
CAREFULLY  CONTROLLEO  IN  LPP  TO  PREVENT  REGENERATION  OF 
THICK  STANDS.   IS  THIS  A  VALID  C^SERV ATION?    SEEn,FIRF 
EFFECTS,P0PULATI0N,FRESCRI8'^D  FIRF,FIRE 

EXCLUSION,GROWTH,PEPRCOUCTICN,CCMPETITION,POPULATICN,PPF 
SCRIBED  PIRE,FIRE  EXCLUSION 

5kZ.        C9    515    TO  WHAT  EXTENT  DOES  FIRE  CHANGE  THE  SUSCEPTIBILITY 
OF  INTERMOUNTAIN  CONIFEROUS  IRE'S  TO  INVASION  ^Y  FUN'GI 
THROUGH  FIRE  SCARS?    STEM,FIof 
EFFECTS, DISEASE, CONIFEROUS  ^OREST 

5iik,        09    518    DOES  THE  PRESENCE  OF  MANY  Sh-ALL  FIRES  IN  AN  AP^A 
CAUSE  WILDLIFE  TO  LEAVE  THE  AREA?    ANIMAL 
1EHAVICR,M0SAIC,WILCLIF£,FIPE  DENSITY 

5<+5.   C9    518    WHAT  FACTORS  CONTRIBUTE  TC  GROUND  FUEL  'lUILO-UP  IN 
AN  AREA  THAT  HASN'T  ANY  HISTORY  OF  HEAVY  GPOUNO  FU^L? 
FUEL/PIO*^ASS  ACCUMULATION 

5Ue,       09    519    ARE  MEADOW  LANDS  AND  NATURAL  FORAGE  APFAS 

GRADUALLY  ENC FOACHEO  UPON  ?Y  CONIFEROUS  FOREST  UNOEP 
FIRE  PROTECTION?    FIRE  EXCLUSION, CONIFEROUS 
fORFST, GRASSLAND, COMPETITION 

5U7.   09    520    BECAUSE  WE  APE  CONTROLLING  WILD  LAND  FIRES, 
WATERSHED  CONDITIONS  ARE  BETTER  IN  THE  UPSTREA" 
WATfcPSHEH  GENERALLY.   STABILIZATION  OF  THE  STREAMPEDS 
ARE  RESULTING  FROM  THE  EXCLUSION  CF  FIRE.   PUT,  WILLOW 
PATCHES  THRIVE  ON  CTSTUP9ED  STREAM  CHANNELS.   "^HUS 
WILDFIRE  IN  THE  UPLAND  WATERSHEDS  MAY  HAVE  SOME  VALUE  IN 
MAINTAINING  THE  WILLOW  PATCHES  FOR  MOOSE  POPULATION"^. 
IS  THIS  A  FACT  OR  CAN  NATURAL  GEOLOGIC  AND  NATURAL 
RUNOFF  CONDITIONS  PE  FREQUENT  ENOUGH  TO  MAINTAIN  MCCSF 
HAPITAT?    WATERSHEr^,FIRE  EFFECTS, FIRE  EXCLUSION,  GAME 
ANIMAL, POPULATION, STREAM 

5'*8.   09    520    IS  THERE  RESEARCH  ON  THE  PRESCRIPTION  OF  "GENTLE" 
TURNINGS?   I  THINK  IT  IS  GENERALLY  RECOGNIZED  THAT 
PROPERLY  CONTROLLEO  BURNING  IS  ESSENTIAL  TECHNOLOGY  IN 
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MANAGING  HANY  KIMOS  OF  VEGETATION.  WITH  PEGflPn  TO  GENTLE 
BURNINGS,  WHAT  IS  A  GE^'TLE  "^URN  IN  pELATIQNSMIO  TO  FIPE 
INTENSITY,  RATE  OF  SPREAH,  FIR^  SIZE,  AND  FPEQUFNrv 
f^RESCIREO  FIRE, FIRE  I  NTENS  IT  Y  ,  FI  RE  BEHA  V  TOR,  ARE  A 
SI7E, TIMING, GENERAL  FIRE  MANAGE>*ENT 

5U9.   09    '5?0    IT  HAS  8FEN  SPECULATED  THAT  FIRE  EXCLUSION  IN  MANY 
OF  Cljo  CONIFEROUS  FCREST  TYPES  IS  A  LIMITING  FACTCP  ON 
ELK  POPULATIONS  OR  CTHE^  GAM^:  POPULATIONS  AND  HATTTAT. 
WILL  FIRE  EXCLUSION  LIMIT  OP  REDUCE  GAME  POPULATION^? 
TUANTITATIVE  MEASUREMENT  IS  NEFDEC  ON  THIS  SUOPCSTTION. 
FIRE  EXCLUSION, GAME  ANIMAL , POPUL AT  I  ON  GROWTH, COMMUNITY 

550.   09    521    ALONG  THE  WASATCH  FRONT  IN  NORTHERN  UTAH 
PREVENTION  ANO  INITIAL  ATTACK  ARE  GIVEN  EYTpEME 
E'^PHASIS,  BECAUSE  THESE  LANPS  ARE  ALL  KEY  MUNTCIPAL 
WATERSHEDS.   A  OUESTICN  WE  OFTEN  ASK  OURSELVES  IS  "WTIL 
THIS  PRACTICE  OF  FI'E  EXCLUSION  SOMETIME  IN  THE  FUTURE 
HAVE  AN  ADVERSE  EFFECT  E^CEEniNG  THE  PFNEFTTS  OF  A 
DUALITY  ANC  DUANTITY  WATEP  SUPPLY"?    FI'E 
EXCLUSION, WAT EPSHFD, CONIFEROUS  FOREST 
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552.   09    522    HOW  WOULD  INTENSE  FIRE  APPECT  MORTAR  IN 

ARCH-OLOGTCAL  pUINS?   WOULD  STARILITv  0^"  STANDING  WALLS 
■<E  WEAK::Nrr?    HUMAN  ECOLOGY, FIRE  EFFECTS, HEAT 
EFFf^CTS, AESTHETICS 


553.   C9    522    ON  AN  INTENSE  CROWN  FIPc^,  WHAT  EFPECT  IN  TREE 
WEAKENING  CAN  BE  EXPECT'^"  AT  THE  FIRE  EDGE''    FTor 
EFFECTS, AREA  S IZE, MORTAL  IT Y, CROWN  "URN 

55U.   09    523    MY  PIPE  FXPERIENCE  HAS  BEEN  LIMITED  TO  S'^ALL  FTPES 
IN  THE  pINYON-JUNIPER  AND  SAGEBRUSH  TYPES  SO  My 
QUESTIONS  APE  ABOUT  THE  EFF-^CTS  OF  pIRES  IN  THESE  TYPES. 
DOES  A  FlPf  IN  THE  PI  NY  ON- JUNIPER  TYPE  HAVE  ENOUGH 
IMPACT  ON  THE  ENVIPCNMENT  TO  WARRANT  SUPPRESSION'' 
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556.   G9 
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ROUNO  CCVFR  UNOER  PINVON  IS  THE 
THE  FlPt  SUFFICIENT  TO  CAUSE 
THE  CCNV=:RSI0N  pROH  PINYON  TO 
ICIAL?  SHOULD  IT  BE  ENCOUPAGEn'' 
L,  1*="  THE  WATERSHED  AFi^ErTFr  ny 
HOW  MANY  ACRES  OF  PINYON  WOL'LO 
FIPP  8EFCRF  ANIMAL  LIF*^  WOULD 
CAN  THE  EFFECTS  OF  FIRE  ON  SOIL 
E  "E  COMPARED  TO  A  CHAINT^'G 
Fipr 

CC£SSION,GRASSLAND, WATERS Hpn, ARE 
IPIJLATTCN  COMPARISON, ECOSYSTEM 


731    DOES  WlLriFIRF  NORMALLY  TAKE  PLACE  UNnct?  CONDITIONS 
WHEN  THE  CLEARING  IND^Y  (AIR  POLLUTION  CCNTROU  IS 
FAVORABLE  FCR  BURNING?  WHAT  IS  THE  "PUBLIC'S"  OPINICN  OF 
VIEWING  A  BURNED  cx^'o^|- JUNIPER  STAND  FPOM  AM  AF3THETICS 
OQINT  OF  VIEW?    TIMNG,MICRCCLIMATr,  AIP 
=»0LLUTI0N,PU1LIC  REACTION  ,  A  ESTHET  ICS,  CONIFEPO  US 
«^OREST, VALUE  JUDGEMENT 


157.   09 


731    WE  ARE  LOCATED  IN  A  PI NCN- JUNIPER  TVPF  TI^^EP 
AREA.  THERE»^3RE,  OUi^  NEEDS  HERE  ARE  IN  CONNECTION  WITH 
THAT  TYPE  FATHER  THAN  THE  COM^'f^RCIAL  TIMBE^  STANDS.  WE 
HAVE  CCNSTCERABLE  PROBLE'^S  WITH  LIi^HTNING  STPIKFS 
INVOLVING  FIRE  IN  1  OR  2  TREES.   CUR  CONCERNS  AR-^  FTP 
THE  NEED  FROM  AN  ECOLOGICAL  STANDPOINT  -  HOW  I^'POPTANT 
IS  IT  TO  TAKE  ACTION  ON  EACH  FIRE''   WHAT  EFFECT  DOFS  A 
WILOFIRF  ON  AN  AREA  HAVING  f^0*/«-  CANOPY  COVEP  HAVE  CN 
SOIL  TEMPERTURE,  SOIL  EROSION  POTENTIAL,  SOIL 
STERILI7ATICN,  ETC?   NORMALLY  TN  THIS  A^EA  f^OV  CANOPY 
WILL  REOUCF  THE  UNOFRSTORY  TO  A  OCINT  IT  WILL  NOT  CARpy 
A  GROUND  FIREo   WHAT  EPt^ECT  DOES  FIRE  HAVE  IN  A 
PINON-JUNIFER  STAND  ON  THE  ^ilNOR  WILOLTFF  SPECIES 
(RABBITS,  SONG  BIROS,  ETC.)  HABITAT?   BY  ALLOWING  A  FIRE 
TO  BURN  00  WE  ELIMINATE  THES*^  SPECIES?    FIPE 
EFFECTS,LIGHTNING-CAUSED  FIRE, SMALL 
MAMMAL, BIRC, SOIL, HEAT  EFFECTS  ♦  CROWN , GROUND  FIRE 


55a.   10 
559.   10 


069    DOES  NUTRIENT  ENPICHMFNT  CF  STREAMS  AFFCCT 
COLIFORM  LEVEL*^?    NUTRIENTS,  STR^^AM,  MICROORGANISM 

069  WHAT  "^IGHT  BE  THE  EFFECT  CF  VAPIOUS  OEGpEFS  OF 
LITTER  AND  VEGETATION  REDUCTICN  AS  SEEN  IN  THE  WATEP 
BALANCE,  STPEAM  FLOW  PLUS  SOIL  WATER  BALANCE?  FUEL 
PEOUCT I  ON, HYDROLOGY 
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560.  10    370    HOW  CAN  FIRE  RE  USEH  TO  PROPUCE  A  NORMALLY  STOCKED 

STANH  pi^OH  A  OOGHAIR  LOnCEPOLE  PINE  STAMO? 
DENSITY, POPULATION 

561.  10    070    HOW  DO  PEOPLE  0^  VARIOUS  TYP^S  PERCEIVE  THE  inpA 

OF  FIRE,  EITHER  MAN-CAUSEO,  PRESCRIBED,  OR  NATURAL,  IN 
THEIR  VALUE  SYSTEM?    SOCIAL  EFFECTS 

562.  10    370    HOW  IS  FIRE  PELATEO  TO  THE  FRODUCTTON  OF  FIFEWOGO 

IN  RECREATIONAL  AREAS?    RECREATI CN,FUFL/BIOMASS 
ACCUMULATION 

563.  10    370    HOW  WELL  CAN  FECPL*^  0"^  VARIOUS  OCCUPATIONS 

IDENTIFY  EVIDENCES  THAT  A  FOREST  HAS  BURNED  AT  VARYING 
LENGTHS  OF  TIME  AGC    SOCIAL  EFFECTS 

56U.   10    071    CAN  THE  RATE  CF  NUTRIENT  RELEASE  RESULTING  FpC" 
FOR-.ST  BURNING  BE  RELATED  TO  SUCH  FIRE  CHARACTERISTICS 
AS  FTRF  FREQUENCY,  INTENSITY,  OR  RATE  OF  SFRE^VD'' 
NUTFIENTS,  FIRE  FREQUENCY,  FIRE  TMrNSTTY 

565.   10    371    FOLLOWING  A  HQT  FIRE,  WHAT  IS  THE  ULTIM4Tt  FflTE  OF 
THE  "ICH  LAYER  OF  NL'TRI-NTS  LYING  CN  THE  SOIL  SU'?FACE  IN 
THE  FORM  OF  ASH  IN  LODGFPOLE  PINE  FCOSYST'^HS''    Ficr 
INTENSITY, ASH, NUTRIENTS 


566.   10    071    FOLLOWING  i^ORFST  DURNING, 
LOSSES  3E  COMPENSATED  BY  HIGHER 
SORT  OF  TRADE-OFF,  RESULTING  TN 
CONPITIONS  FOR  TREE  COWTH? 
PRODUCT  IV TTY, NUTRIENTS, MICROCLIMATE 


MIGHT  SOIL  NITPQGEN 
SCTL  TEMPEPATURrs  TN  A 
AN  IMPROVEMENT  OF  SITE 


567.   10    071    IN  AREAS  WHER>^  LOGGING  IS  USUALLV  FOLLOM^C  PY 
BROADCAST  BURNING,  WHAT  SPECIFIC  CHANGES  IN  SOIL 
PROPERTIES  (BOTH  CHEMICAL  ANC  PHYSICAL)  MIGHT  pESULT 
FROh'  FIRE?    FUEL  REDUCTION,  SOIL 


568.   10 


569.   10 


57C.   10 


071    IN  CERTAIN  FOREST  SYSTEM'S,  IS  IT  DESTOA^LE  TO 
CONTROL  THE  SEVERITY  OF  BURN  fI.E.,  ONLY  ^ART  qF  the 
LITTER  CONSUMEC)   IN  ORDER  TO  REDUCE  EXTRF^^!^  ph  ANH/or 
C.E.C.  CHANGES?    CAN  THESE  CHANGES  BE  IDENTIFTEO  AND 
R="LATED  TO  CERTAIN  SOIL  OR  FOREST  TYPES?    FUEL 
REDl'CTION, NUTRIENTS 


CN  SOIL  MICROORGANISM 
*'   -■"■'-'■  WHICH  MIGHT  BE 


371    WHAT  EFFECT  DOES  »="IRE  HAV^  ...  ....^ 

POPULATIONS,  ESPECIALLY  MYCOROhI^al  FUNGI  . 

QUITE  IMPORTANT  IN  TREE  SEEDLING  ESTABLI  SHM«=:NT? 
FUNGUS, ^O^TS, REPRODUCTION 


071    WHAT  IS  THE  EFFcoT  OF  A  fqpfST  FI'E  ON  THE  WATER 
QUALITY  FRC^  A  BURNT  AREA,  "^SCECIALL^  WHEN  THE  FIPF  IS 
INTZNSE  ANC  LIMITS  ^ST A^lI SHMENT  CF  SUBSEDUTNT  PLANT 
COV-R?    HYDROLOGY, NUTC>IENTS 
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571.  10    077    A  QUESTION  ARISING  FROM  FIRE  SUPPRFSSION  CONCERNS 

THE  PRESENT  UPPER  ELEVATTONAL  LIMIT  OF  TREE  GROWTH. 
WITH  REDUCED  FIRE  INCIDENCE,  HOW  CAN  THIS  PE  EVPECTFO  TO 
RESPOND?   WILL  IT  RFHATN  STATIONARY  OR  WILL  MOVEMENT 
UPWARD  'NSUE?    FIRF  FPEOUENCY, 70N A  IT 0N» FCOTONE 

572.  10    077    WHAT  ARE  HYDRCLOGIC  CCNSEOUENCES  OF  BURNING  OK 

SNOW  DISTRieUTICN  AND  P"1I STR IPUT ION,  EFFECTS  ON  SNOW 
MELT  PATTERNS  AND  STREAM  FLOW?   FTPE  CLOSE  TO  TIMnpRLINE 
WOULO  SEEM  CAPABLE  0^  INDUCING  PARKED  CHANGES  IN  SNOW 
OISTRTBUTICK  AND  MELT  PY  JNTRCDUCING  AN  ALPINE 
ENVIRONMENT  AT  SUB  ALPINE  ALTITUDES.   IS  THIS  SUFFiri^NT 
TO  CAUSE  SIGNIFICANT  HYOROLOGIC  RESPONSES? 
SN0W,HYDROL0GY,ZONATICN, MOUNTAIN 

573.  lu    079    CATALOG  OF  FIPE-TYO£  VEGETATION  IN  THt^  OOLOPflnQ 

ROCKY  ♦FOUNTAINS  FRO^  VARIOUS  ELE  VAT  TONS-E.  G  I  PRAIPIt^, 
MONTANE,  SUB-ALPINE  AND  ALPINE.  EYPERIMENT  ORIENTco 
QUESTION, FIPE  FR - QU ENC Y , FUEL /oi CM  ASS  ACCDMUL A TT CN 

57k.       10    079    WHAT  IS  THE  Rf^LATICNSHI  F  BETWEEN  FIPE  AND 

TIMBERLINE  IN  THE  NORTH  AMEPICAN  ROCKY  MOUNTAIN  ALPTNf, 
AND  AT  THE  FOREST-SHORT  GRASS  PRAIRIE  ECOTONE? 
M0UNTAIN,ECOT0NE,ZONATTON 

575.  10    191    AS  MANY  ASPEN  STANDS  pEVE'T  TO  THE  CONIFEROUS 

TYPES,  WILL  FIR£  SUPPRESSION  AND  EXCLUSION  DIMINISH  THE 
TOTAL  AREA  NOW  COVERED  WITH  AS^-^N?    AREA 
SIZE, SUCCESSION, FIRE  EYCLUSTON, CECI DUOUS  FQPEST 

576.  10    191    IS  FIRE  EXCLUSION  peSdCNSTBL"^  FOR  THE  TWO  AND 

THREE-STORIED  DENSE  ASPFM  STANDS  USUALLY  FOUND  IN  TH"^ 
YOUNGER  STANDS  CF  100*  YEARS?   IF  SO,  HOW  WILL  THESE 
STANDS  DIFFER  IN  TH"^  f^UTURE  CCMFARE^  WITH  THE  OLH-R 
STANDS  OF  TODAY  WHICH  HAVE  EXOERIENCEO  GROUND  FIpeS? 
DENSITY, GROUNT  FIRE, AGE , DECIDUOUS  FOREST 

577.  10    191    MANY  OPEN,  OVERMATURE  ASPEN  STANDS,  WITHOUT  A 

CONIFEROUS  UNCERSTOPY,  PAIL  TC  FRCOUCE  SUCKERS.   OO^^S 
EIRE  EXCLUSION  PREVENT  ASPEN  SUCKERING  IN  THESE  OLP 
STANDS,  AND  WILL  THESE  STANDS  REVERT  TO  GRA^S  LAND  OP 
SHRUBS  ONCE  THE  OVEPSTORY  I^  GONE? 
•   REPROOUCTICN, SUCCESSION, FIRE  EXCLUSION, AGE, OECIDUOUS 
FOREST 

578.  10    192    DO  LARGE  INSECT  OUTBREAKS  IK  ENGELMANN  3°RUrF, 

LODGEPOLE  FINE  AND  POND^ROSA  FINE  INCREASE  FIRE  HATORO'' 
IF  SO,  WHAT  TERHS  00  WE  ACTUALLY  HAVE  TO  'EVALUATE  HA7APD 
INCREASE?   FOR  HOW  LONG  IS  HAZARD  INCREASED?   CAN  AN 
INCREASE  BE  EQUATED  TO  DOLLAR  EXPENDITURES  THAT  SHOULD 
BE  SUBTRACTED  FROM  INSECT  CONTROL  COSTS? 
INSECT, FUEL/BIOf'ASS  ACCUMULATION,  ECONOMIC  EFFECTS 

579.  10    193    UNDEP  WHAT  CONDITIONS  IS  CONTROLLED  BURNING  LIKELY 

TO  BE  A  SATISFACTORY  MEANS  FORI  A)  PREVENTING  OR 
REDUCING  EXCESSIVE  BUILDUP  OF  FOREST  FUPLS,  Bl 
MAINTAINING  FIRE-DEFENDENT  FOREST  TYPES''    FUEL/BICPASS 
ACCUMULATION 
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580.   IG 


581.   10 


193    UMOEP  WHAT  CONOITIONS,  IF  ANY,  IS  CONTROLLf^T 
nUPNTNG  AN  lFFECTIV^  htanS  FOR  COKTPOLLING  S^RUCF  PARK 
3EETLF  POPULATIONS?    P?ESCPT8E0  FIRf  ,  INS^^f^T 


275    WHAT 
OPOPCRTION  ANO 
WINTER  RAMC"  VS 

T"    "■'-     "^-^ 

S 
ANIHAL 


INTER  RAMC"  VS.  DEKS£-')N1URNF 
N  THE  POPULATION  PENSITIES  CF 
T7:-,M0SAIC,SHRUBLAND,D-NSITY, 
NIHAL 


EFF'CT    C"^    CHANGING    TH-     Ao^AL 

SEEN 
CF    BIG    GAVP    ANI^^ALS''  AREA 

PCOULATIOM    GROWTH, ^A^'E 


^IGHT  BE  THE 

nURNEP,  OPEN  ARPA 
DEKS£-')N1URNFD  CONIFER  STANHS, 

GAVP    ANI^^ALS'' 


DC      in--.      -  r  r  -  c  I 
SPATIAL    LOCATION    OF      iukn 

"^'^^E-UNTURNFD    CONIFER    STANHS, 


582.        IG  283  H3W     IT    MACRO- TNVEpTERRATE    SPECIES    DIVERSITY    TK 

^ypraMS     AFFFCTEC    BY     FIRE     ON     TpE     WAT^^RSHEO?       WHAT 
CONTROLS    THE     RECOVEi^Y    PATE?  STPF  fl  v,  ARTHpodo^S  ,  SP£ TIES 

DIVERSITY, TIMING 


583.   10 


2<iZ  HOW  LONG  COES  IT  TAKE 

TO  ^ECO-^e  RE-ESTARLISHtn  TN 
ST RE AM, NUTRIENTS,  TIN TNG 


FCR  PPE-FIRE  NUTRI! 
THESE  STREAM?;? 


NT  LEVELS 


58t+.   10    283    UNTER  WHAT  CONDITIONS  DO  PIPES  RESULT  IN  INCPEASES 
OR  DECREASES  IN  PRI»'A'?Y  PROOUCTTON  IN  STR^A^IS  'DRAINING 
THE  'TURNED  AREAS?    S  TPE  AM  ,  PROOUCTI VI  TY 


585.   10    283    WHAT  ARE  THE 
RUPNEO  WATERSHEDS? 


NUTRIENT  LEVELS  IN  STREA'^S 

STREAM, NUTPIFNTS, TIMING 


DRAINING 


58S.   10    2S<*    HOW  CAN  FIpE  "E  US=:D  tq  ENHANCE  THE  c-ANGE  Of^ 

RIGHOPN  SHEEP  —  OPEN  AR^AS  IN  DELATION  TO  ESCAPE  r-ovER? 
IMPROVING  FORAGE  CONDITIONS''  RANGE  SANITATION  (cFftcTS 
ON  PARASIT«^S  AND  INTEP^EDTAT^  HOSTS)''    GAME  ANIMAL 

587.  10    30f:    IS  ^^UFF  AND  HUMUS  REMAINING  AFTER  FlPf  A  GOOD 

INDICATION  OF  INTENSITY?    DUFF, FIRE  IMTENS I T Y, FUEL 
REDUCTION 

588.  10    306    WHAT  "^REOLENCY  OF  3URNING  OF  ponh-roSA  ptn=- 

'FSULTS  TN  OPEN  STANDS,  WITH  G^ASS  OR  SHRUD  UNP^pSTCPY? 
WHAT  OTHER  FAQTCRS  "AY  AFFECT  UNOERSTORV  :>CSPONSE'' 
"FIRE  FPE0i)E*''CY,H-R9flGE  UNDERSTO'Y  ,  SHRU° 
UNOERSTORY,DENSITY, COMMUNITY, VEGETATION 

589.  10    3:6    WHAT  SPECIES  CF  PLANT  SEED  CAN  BE  FYPECTFD  TO 

SURVTV-  «^IRP  AND  IN  WMAT  GPOUNO  LAYERS  pELATED  TO  i^ipr 
INTENSITV    EXPERIMENT  ORIENTED  OUESTTON  ,  S«^ED,  Rc;  AT 
EFFECTS, FIRE  INTENSITY 

590.  11  S2h  AFTER  A  FI^E  THE  RURN  IS  U'=*LALLY  PLANTED  TO  GPASS 

IMMEDIATELY  TO  STABILI7E  THt^  SOIL.  HAVE  THERE  ''EEN 
STUDirs  DON<^  ON  HOW  THIS  GRASS  STAND  AFi^ECT"^  CHANC=''=;  OP 
GETTING  A  TIMDEP  STAMH  ^E-ES T ABLTSH^Q?    SOIL 
E  R  OS  I  ON,  CO  MPET  I -^  I  DM,  MANIPULATION  COMPARISON 


591.   10    526    BECAUSE  0^    ADVEP'^E  PUBLIC  pEACTION  to  SLA«^H 

3URNING,  ATTEMPTS  HAVE  BEEN  MADE  TO  BURN  AT  HIGHi^P 

TEMPERATURES  AND  THUS  REDUC^  PARTICULAT'  PPODurTS. 

GASEOUS  PPCCUCTS  ARE  THEREBY  INCREASED.  APE  THES^^  GASES 
MORE  HARMFUL  TO  HfALTH  AND  ENVIRONMENT  THAN  TH<^  ORIGINAL 

SMCK-  PARTICLE'^?    PUBLIC  R=^  ACT  TON  ,  HUMAN  f"COLOGV,AIP 
POLLUTION,fANIPULATTON  COMPARISON, VALUE 
JUDGEMENT,  PPESCRIBED  FIP"^ 

74 


592.       10  526  HOW    SHOULT    SF?0    B-     PLANTED    ON    ft    BURNEO    OUT    ARPfl? 

IS    THE    SOIL    STERILE''    HOW    ABOUT    EXCESSIVE    HEAT    AND    DRYING 
OUT    DUE    TO    PLACK    COLOR?    WOULD    A    STRAW    mulCH    hel<=? 

s  eeo,  charcoal,  ash,  hicroclimate,^' a  nipul  at  lof^ 
cohparison,reprcouction,sctl 

593.  ic   526   what  are  the  altermatives  tq  prescribe^  burning 

THAT  WILL  PROVICE  THE  NECESSARY  dh,  MTN'RALS, 
NUTPIEMS,ETC.  POR  EUTUPE  ECCSYST^H  CONTINUATION''   WILL 
REI^OVAL  OE  logging  slash  and  NATURAL  SLASH  IMPERIL  THE 
NATURAL  ABILITY  OE  THE  E0RE«^T  TC  PERPETUATE  ITSELF  IN  A 
HEALTHY  MANNER?    FTRE  EXCLUSION,  PR ESCPI'^'^H 
F I  RE, PH, NUTRIENTS, HUM AN  n  ISTURBANCE , ECOSYSTEM 

59i+.   10    526    WHAT  EFFECT  OOES  A  HEAVY  SNOWPACK"  HAV^^  ON  AN 
EXTENSIVELY  BURNED  AREA  WHICH  HAS  B££N  SEEDED  THE 
PREC-EDING  SUMf^ER?   HOW  CAN  ANY  ADVERSE  EFFECTS,  IF  ANY 
ARE  CPEATPr,  RE  PREVENTED?    SMCW, SOIL-WATER 
RELflTICNS,SEED,REPRCDUrTTON 

595.  IC    53G    A»E  RED  SOILS  FOLLOWING  RUPNING  IN  TH'^  COLOPADO 

ROCKIES  INDICATIVE  CF  STERILIZATION''   AT  WHAT 
TEMPERATURE  DO  THE  ORGANIC  »^AT^=^R  AND  SOIL  FAUNA  WITMTN 
THE  TOP  INCH  OF  SCIL  BcCOMl  D^ST^OYEO?   WHAT  ARE  THE 
MAXIMUM  SOIL  SUPFACE  TEMPERATURES  DURING  BURNING  AS 
AFFECTED  BY  VARIABLtS  OF  SLOPE,  D'^PTH  OF  SLASH,  EUFL 
TYPES?    WHAT  ARE  THE  INSULATION  CUALITTES  OF  "flPK? 
E.G.  CA^'BIU^'  CANNOT  B"  IESTpqyeO  AT  y  EMPEPATUR"^*^  C«^  "X" 
DEGREES  IF  ^INE  BARK  IS  "Y"  INCH-S  THICK.   WHAT  APE  thf 
EFFECTS  OF  DIRECT  SEEDING  OF  EITHER  pOHOEROSA  PIN^  rp 
ENG'LMANN  SPRUCE  INTO  ASH  FOLLOWING  A  FIPE?  HOW  MUC^ 
FUEL  MUST  RE  BURNE"^  TO  SIGNIFICANTLY  INFLUENCE  THE 
AMOUNT  OF  Cn2  AND  OTHER  GASES  IN  CUR  AT^nSPMER'^? 
MICROCLIMATE,  ORGAN,  SOIL, FIRE  ^F^^ECTS,  HEAT 
EFFECTS, ST  EM, CONIFEROUS  FOREST, ASH, PL  ANTING 

596.  10    53C    I  PERSONALLY  pELIEVE  TH*^  LAND  MANAGER  COULD  USE 

FIRE  TO  HIS  ADVANTAGE  IN  TYPE  CCNVERSICN,  MAINTtNANCE  OF 
A  TYor,  THINNING,  FUEL  Ri^f^UCTTON,  WILDLIPC"  HA^.ITAT 
IMPROVEMENT.  UNFORTUNATELY,  WE  fGENERALLY»  LIVE  UND^^p  A 
STIGMA  THAT  FIRE  IS  "TAn"  WHILE  W£  COUL^  BE  USING  IT  TO 
OUP  ADVANTAGE  DAILY.   FIRE  CAN  BE  USED  TO  THIN  PONDFROSA 
PINE  AS  THEY  no  WITH  SOUTHERN  PINES?  HAS  THERE  Rf^FN 
RESEARCH  PERFOR'^ED  IN  THE  ROCKIES  CONCERNING  THIS  AND, 
IF  NGT,  WHY?   CAN  GROUND  FIpES  BE  US=^0  TO  CONTROL 
MISTLETOE  IN  PCNOEpCSA  PINE?   WHAT  INFLUENPr  DO  GROUND 
FIRES  HAVf^  ON  TH"^  GERMINATION  OF  FONDEROSA  PINE  SEFC? 
WHAT  TEMPERATURES  E^IST  ON  SOIL'S  S'lREACE  FPOM 
ABSOPPTION  OF  SHORT-WAVE  RADIATION  FOLLOWING  A  BURN  AND 
THE  ASH  IS  "LACK?   HOW  SERIOUS  ARE  THE  GASEOUS 
POLLUTANTS  IN  THr  AIR  FPOM  A  BURN?   EXAMPLE:   60'!'  ACRES 
OF  GREEN  OAKBRUSM  BURNt^D  IN  FOUR  HOURS  ON  A  CLEAR  DAY 
WITH  A  20  MPH  WIND.    FIRE  EFFECTS , GR OUND 
FIR'^,S£En,  RE  PRODUCT  ION,  CONIFEROUS 

FOR -ST,  MI  CROC  LI ''ATE,  ASH,  CHARCOAL,  AIR  POLLUTI  ON,  SMPU" 
UNDER  STORY  ,FIRF  EXCLUSION, DISEAS'=' 

597.  10    531    ENVIRCNMENTALLY,  WHAT  DIFFERING  EFFECTS  OCCUR 

BETWEEN  FIRES  AND  TIMBER  HARVESTS  -  RECOGNIZING  OF 
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COURSE  OIFFERIMG  HEGREES  OF  RU^N  flS  WELL  AS  HARVEST 
METHODS?    f'AMPULATICN  COMpfl  FISON  ,  HUMAN 
nTSTURRANCE,FIRE  EFFECTS 

598.  10    531    THEPE  IS  INCR<^ASING  FEELTNG  AMONG  LANO  MANant^»S 

THAT  Fi^cs  SHOULD  BE  ALLOWED  TO  HURN  AS  A  NATURAL 
OCCURRENCE.   WITH  IKCRFASING  HUMAN  POPULATIONS  AND 
ACCOMPANYING  INCREASED  RISK  OF  man-CAUSED  FIpeS,  CAK  WE 
AFFCRO  TO  PERMIT  UNCONTROLLED  "URMNG?    HUMAN 
ECOLOGY, VALUE  JUDGEME  NT  ,  MAN-C  AUSE^"  FIRE.'^IPE  EYCLUSTON 

599.  10    531    WITH  INCRFASIKG  E-^PHA-^IS  CN  'TL'^ANlNG-UP"  SFTfR 

TIMOt'^  SALES  WE  APE  REQUIRED  TO  DC  A  MORE  COMPLETE  SLASH 
DISPOSAL  JOe.   HOW  SERIOUS  IS  SLASH  OR  nTH£P  WOO^  S^OKE 
POLLUTION?  WE  NEED  RETT'^d  ANSWERS.   TODAv,  WOOD  S^OKE  IS 
0«^TEN  CONSIDERED  JUST  AS  "BAD"  AS  FACTORY  0^  AUTO 
POLLUTION.    VALUE  JUDGE'^ENT  ,FUEL  REOUCT  ION,  PUDLI^ 
REACTION, AIR  POLLUTION, PRESCRIBED  FT?r 

600.  10    533    WHAT  EFFECT  IS  THE  EXCLUSION  OF  FIRF  HAVING  CN 

NATURAL  REGENERATION  OF  PONDEPQSA  rjjNr  ON  TH^^ 
UNCOf^PAHGRE  PLATEAU  OF  COLOPADO?   WE  HAVE  APEAS  OF  HEAVY 
POLE  STANDS  OF  FONDt^ROSA  PINE  THAT  WERE  ESTAt'LI^HPn  UC 
TO  70  YEARS  AGO.   SI^CE  THAT  TIME  THERE  HAS  B'EN 
ESSENTIALLY  NC  REGENERATION.   WE  CO  HAVE  HEAVY  GRA7ING 
IN  SCME  PINE  STANDS,  RUT  WE  ALSC  HAVE  SOME  TSOLATEi^ 
TRACTS  THAT  HAVE  BEEN  PROTECTED  FPC^-  GPAZING  AND  FIPE. 
WE  STILL  HAVE  NO  SIGNIFICANT  NATU^JAL  PEGENERATTON  TN  AMY 
OF  THE  STANHS.    FIPE 
EXCLUSION, RF PRODUCT! ON, POPUL A TICN,HERRIVOPY 


601.  10    53i+    IN  THE  COLORADO  ROCKIt^S,  WHAT  IS  THE  R^^LATIV"^ 

FREOUENCY  OF  LICHTNTNG  fire  STARTING  FROM  HITS  IN  SNAGS 
AS  CC^PARFD  TO  FIRES  STARTED  FROM  HITS  IN  LIVE  TpfES? 
LIGHTNING- CAUSED  FIRE  ,  *^NAG  ,  FL  AMvftRlLI  TY,  CONIFFoquS 
FOREST, FIRE  FREOUENry 

602.  10    535    AT  WHAT  LEVEL  OF  FIRE  INTENSITY  ARE  PODTS  AND 

UNDEPGROUND  PARTS  OF  PLANTS  r>AMAGFO  OR  DESTPOY^n  fOP 
VARIOUS  DEPTHS  AND  TYPES  OF  SOIL?    FIR"^ 
INTENSITY, POO TS, MORTAL  I  TV, SOIL 

603.  10    535    CAN  A  SELECTED  SPECIES,  GENUS,  OR  FAMILY  OF  C 

PARTICULAR  PLANT  BE  ERADICATED  BY  firc?  if    sq,  whCt 
SPECIES,  ETC.  ANf>  HOW  SHOULD  FIRE  BE  APPLIED  AS  A 
MANAGEMENT  TOOL?    f,ENERAL  FIRE 
"iANAGE'^ENT,VEGETATI0N,V0RTALITY,SEED,RD0TS 


(^Qk.       10    535    CAN  FIRE  BE  U^ED  AS  AN  EFFECTIVE  WILf^LIFc;  HABITAT 
MANAGE'-ENT  TOOL--OR  ARE  THE  BENEFITS  IN  TER*^S  OF  PPCWSE 
PRO'^UCED,  AN'D  AVAILABILITY,  TCO  SHORT  IN  TIME  "EFOPE 
ANOTHEP  BUPN  IS  NEEDED,  MAKING  FIRE  AN  UNi^CONOM  IC  AL 
WILDLIFE  MANAGEMENT  TOOL?   HOW  OFTEN  WOULD  YOU  NEFP  TO 
BUR^'  IN  OAK  BRUSH,  CSPEN  FOP  PROWS'^'  ppODUCTTOSJ  ON  A 
WINTER  RANGE?    SHPUBL AND , SUCCESS  ION, TI ^I NG , PRESCRIBED 
FIRE, PRODUCTIVITY 

605.   10    535    CAN  THE  LCSS  CF  SOIL  NUTPIENTS  BE  CONTROLL«="r>  "Y 
LIMITING  VHE  SIZE  OF  SLASH  PILES  IN  A  CLEAP-CUT 
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PILE-ANO-RURN  OPERATICN?    NtTRTEMS,  SOIL  ,FUFL 
REDUCTT0N»SI7E  CLASS 

606.  10    535    DOES  FIRE  HAVE  AN  EFFECT  CN  THE  EROHIPILITV  OF  AM 

OTHERWISE  STABL^^  SOIL?   IF  SO,  AT  WHAT  LEVEL  OF 
INTENSITY?    FIRE  I KTENSITY , SOIL  STRUCTURE , SO  XL  EROSION 

607.  10    535    HOW  h-UCH  MEAT  CAN  LOOGEFOLE»  SPRUC^  OR  FIR  OFTETVE 

BEFORE  OAMAGES  OCCUR  TO  THE  TRi^ES  INNER  SYSTE^'^   SUCH  AS 
LOSS  OF  ARILITY  TO  TRANSLOCATE  WATER  TO  THE  LIMPS? 
HEAT  EFFECTS, MORTALITY, ORGANISM, STEM, ROOTS 

6Cft.   10    535    IN  AN  ASPEN-LCOGEPOLE  PINP  STANO  AFTER  A  FICE--MHY 
DOES  ASPEN  BECOM!^  THE  DOMINANT?    SUCCESSION,  OECT  OUOUS 
FOREST, CONIFEROUS  FOREST 

609.  10    535    WHAT  NUTRIENTS  ARE  LOST  FROf'  TH  F  SOIL  DU*^  TO  A 

FIRE?   HOW  IS  THE  PROOUdlVITY  OF  A  S  CIL  ArrrCTE'^  "Y  A 
FIRE?    NUTRIENTS, SOIL 

610.  10    535    WHICH  SPECIES,  SPRUCE  OR  FIR,  IS  MOST  A^T  TO 

REGENERATE  NATURALLY  IN  THE  SPRUCE-FIR  "^OREST  OF 
COLORADO  AFTER  FIRE''    REPRODUCTION  .VEGETA"^  TON 

611.  10    535    WILL  SOIL  FERTILISING  HELP  IN  ESTAPLlSHING 

PERMANENT  VEGETATION  AFTER  AN  AREA  HAS  SUFFEPED  AN 
INTENSE  BURN?   IF  SO--WHAT  ARE  THE  COST-PENrriT  RATIOS 
OF  SUCH  A  PROGRAM?    MANIPULATION  COMPARISON, FIRE 
INTENSITY, NUTRIENTS,VEGr TATICN 

612.  10    535    AFTER  A  FIRE,  ARE  INS'^CT  POPULATIONS  ^'ORE  APT  TO 

RECOVER  FASTER  THAN  RODENTS''    INSECT, SMALL 
MAMMAL, POPULATION  GPOWTM 

613.  10    536    ARE  ALL  LCOGEPOLE  PINE  STANHS  A  RESULT  OF  PAST 

FIRE  HISTORY?   THE  FRONT  RANGE  CF  COLORADO  HAS  LOOGFPOLE 
PINE  STANDS  WITH  NON-SEROTTNOUS  OR  STERILE  CONES  ANr 
LITTLE  EVIDENCE  OF  FI^E  HISTORY.  TO  CLEARCUT  OR  BURN  TN 
THESE  STANDS  RESULTS  IN  LITTLE  OR  NO  REGENERATION. 
FIRE  HISTORY, FIRE  EFFECTS , REPRODUCTION, CONIFEROUS 
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615.   10    53 

CR 


FOREST, S£FD, POPULATION 

536    DO  FREQUENT  FIRES  OF  10  AC^ES  AND  OVER  IN  A  FCRf^ST 
AREA  DISCOURAGE  RESIDENTIAL  DEVEL  CPM^iNTS  WITHIN  THAT 
FORESTED  AREA?    HUMAN  ECOLOGY, FIRE  FREOUENCY , APE  A 
SI7P, PUBLIC  REACTIOK 

536    DOES  EXCLUDING  FIRE  FPOM  A  CONIFEROUS  FOPc^ST 
CREATE  CONDITIONS  WHEREBY  WHEN  A  FIRE  DOES  STAPT  IT 
SPREADS  FASTER  AND  WILL  MORE  LIKELY  BE  LARGER  IN 
SI7ETHAN  IN  FORESTS  WHERE  NO  FRCTECTION  EXISTS  0^ 
PRESCRIBED  FIRES  ARC  COMMON?    PIPE  EXCLUSION, FI^ 
EFFECTS, FIRE  DEHAV lOP , FUEL/BI CMASS  ACCUMULATION, 


[RE 


616.   10    536    HAVE  RESIDENTIAL  DEVELOPMENTS  IN  FORESTED  AREAS 

'\FFECTED  THE  FPEDUENCY  OR  SIZE  CF  MAN-CAUSED  ^^IRES? 

HUMAN  ECOLOGY, ECONOMIC  EFFECTS, FIRE  FREQUENCY , AREA 
SIZE, MAN-CAUSED  FIP-^ 
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617.  10    536    IS  FIRE  EXCLUSION  TN  COLC^ACO  RCCKY  MOUNTAIN 

FORESTS  AS  CRITICAL  FRO«  A  FUFL  «UILD-U°  STANDPOINT  AS 
ARE  OTHER  areas:  I.E.  WEST  CCAST,  NORTHWEST  fqRFSTS? 
•^IRE  EXCLUSION, FUEL/f^TO^QSS 
ACnU^ULATICN,  MOUNTAIN, CONIFc-ROUS  FO^'EST 

618.  10    536    WHAT  IS  THE  EFFECT  OF  HUPAN  POPULATION  ON  FIRE 

OCCURRENCE?   00  THE  NUMBER  OF  FTRF  STARTS  DECREASE  AS 
POPULATION  INCREASES  BECAUSE  ^EOPLE  ARP  WATCMTNG  FECPLE? 
HUMAN  ECOLOGY, MAN-CAUSEO  FlPr , PQPUL AT  ION  GROWTH 

619.  10    537    IS  IT  A  MUST  TO  BURN  LOCGEOCLE  CUT-OV^R  AREAS  TO 

GET  REPROnuCTION  BY  PROVIDING  HEAT  FOR  CONE  OPENING  OR 

WILL  HEATING  OF  THE  SUN  ^^.    JUST  flS  G00n'>    F19^ 

INTENSITY, VAN  I PUL AT  TON 

COHP QRI SON, REPRCnUCTION, SEED, CRG A K, MICROCLIMATE, TOPOGRAM 

HY 

620.  10    538    DOES  OUR  PPES^^NT  •^■^THOO  OF  cttE  POfoAoflTTON 

(PILING  !i  BURNING,  CHOPPING)  ADEQUATELY  SUBSTITUTE  fop  A 
NATURAL  FIRE  OR  NOT''   A^E  THE  RESULTS  SIMILAR  IN 
CONNECTION  WITH  HE^BACCUS  VEGFTflTlON,  WILDLIFE  HABITAT, 
EROSION,  PP^PETUATI'^'G  SEROTINOUS  TONES,  SOIL  NUTPIt^M^ 
AND  PH?    MANIPULATION  GOMPfl R TSON , F TRE  INT-NSTTv 


621.   10    538    UNDER  WHAT  CONDITION  (FUEL  fvpr  (^  AMOUNT,  WTMP, 
RH,  TE^'P.,  ETC.)  CAN  A  GROUND  PIPE  (SAY  A  CONTPOLLE^ 
BURN)  GO  THROUGH  A  "^TAND  WITHOUT  r«AMAG'  TO  "^TANOING 
TRE^S  OR  AT  LEAST  A  MINIMUM  OF  DAMAGE?   FOR  THE 
FUEL-TYPES  flNC  AMOUNT,  WHAT  WCUL^^  ^E  A  SIMPLE  METHC 
lETERMINING  THIS?    GROUND  f^  I  RE  ,  ^COTALIt  Y  ,  V^GET  AT  TON 
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623. 
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53B    WHAT  IS  TH^  p-LATTONSmIP  CF  COMDACTNFcs  qt  sLASM 
TO  INTENSITY  OF  H-AT?    PJEL  PEDUCT TON , PIPE 
TNT- NSTTY, FUEL/BIOMASS  ACCUMULATION 

GENERALLY,  MY  FEELING  IS 
-cni.D/-£ro    fls  DEMANDS  FOP 

OPTIONS 


5i*l    I  AM  DISCOURAGED  F^OM  USING  PRESCRIBED  BURNING  AS 
A  MANAG^^MENT  TOOL  IN  MOUfJTATNOUS  LANDS  ^UE  TO  *^OTL  AND 
HYDRCLOGIC  CO NSIDER A T I  CMS .   GEN^PflLLY  MOUNTAIN  SOILS  DO 
NOT  HAV^  THE  CAPACITY  TO  WITHSTAND  CONTROLLED  PIJPNS. 
VERY  SELDOM  DOES  ON^^  ACHIEVE  THE  BU'N  AS  nRESC°I3E0  DUE 
TO  FUEL  DISTRIBUTION  AND  CHANGING  WEATHER  CONDITTONS. 
THE  RESULT  IS  USUALLY  ETTHEP  AN  INADEQUAT='  BURN  OP  A 
DESTRUCTIVE  BURN  WHICH  DESTROYS  THF  PPDDUCTIVITY  OF  THE 
SITE.   WHEN  MANAGING  MOUNTAIN  FCREST  LAND  IN  A 
MULTI-PURPOSE  SITUATION,  ALTERNATE  OPTIONS  C^  STAND 
MANIOULATION  SHOULD  8E  USED  RATHER  THAN  FIRE  EXCEPT  FOP 
OILING  AND  nURNING  SLASH  ON  SLOPES  EXCEEDING  3C"-'.. 
MOUNT  A  IN, FIRE  EFFECTS , SOIL »  PR ESCR I  BED 
FIRE,HYOPOLOGY,MICPCCLIMATE,OROOUCTTVITY 

78 


625.   10    5itl    THE  QUESTION  CF  FIRE  IN  UNMANAGED  LANDS  SUCH  AS 
WILDcRNFSS  IS  ONE  NEEDING  FURTHER  STUOV.   THIS 
PHILOSOPHY  CREATES  PROBLEMS  IN  PROTECTING  ADJACFNT 
MANAGED  LANDS  AS  WELL  AS  PROTECTING  THE  GENERAL 
OHACflCTER  CF  THE  LAND  IN  QUESTION.   A  GOOD  EXAMPLE  CF 
ADVERSE  EFFECTS  OF  UN-HANAC^n  LAND  CN  ADJACENT  LANP  IS 
THE  CURRENT  INSECT  EPIDEMIC  IN  YELLOWSTONE  NATIONAL  PARK 
AS  IT  THREATENS  FOUR  ADJACENT  NATIONAL  FORESTS,   WHAT 
WILL  BE  THE  CHARACTER  OF  THAT  GENERAL  AREA  TEN  Y-^A^^ 
FPOf  NOW?  POSSIBLY  A  "SEA  OF  SNAGS".    VALUE 
JUDGEMENT, FIRE  EXCLUS ION, INSECT , GENERAL  FIRE  MANAGEMENT 
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Ski  THERE  APE  CERTAIN  ECOSYSTEMS  WHICH  APE  nEPENCENT 

ON  t^IRE  FOR  THEIR  EXISTENCE.   THE  QUESTION  WHICH  f^UST  HE 
ANSWERED  IS  WHETHER  IT  IS  MORC  TMFOpTANT  TO  MAlNi^ATN 
THESE  ECOSYSTEMS  OP  SHOULD  FIRE  RE  '^LIMINAT^'D  ALLCWINC 
TRANSITION  TO  ANOTHER  ECOSYSTEM?    FIRE 
EFFECTS, ECOSYSTEM, EIRE  EXCLUSION . VALUE  JUDGEMENT 
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669    VIRTUALLY  ALL  GAME  MANAGERS  WHO  DEAL  WITH  LAPGE, 
UNDULATING  POPULATICNS  THAT  FPECOM IN ATELY  UTILTZ^  80TH 
9P0WSE  AND  GRASS  SP'CIES  FOP  F0C3  SU^^PLIES  HAVE  PEALI7ED 
THAT  CLIMAX  CCNIFERCUS  FOR'ST  STANDS  CONTRI^^UH^  v/FPY 
LITTLE  TO  THE  ANNUAL  =»ROOUCTICN  OF  FOOD  SUPPLY. 
THEPEFOREt  ANY  MEANS  THROUGH  WHICH  THIS  SOLI^  OV^RSTOPY 
OF  FOREST  CANOPY  CAN  BE  REMOVED  TENDS  TO  TNCPEASE  THE 
AVAILABLE  FOOD  SUPPLY  FQ^  SUBSISTENCE  OF  THCSE  ANIMALS 
AND  THEPEBY  DISPERSES  GIVEN  POPULATIONS  OVFP  A  LARGf^R 
AREA  OF  GPOUNO.   AS  A  PESULT,  WE  AR-  CONSTANTLY 
SEARCHING  FOR  METHODS  THROUGH  WHICH  STANO-^;  OF  THTS  jyr>c 
COULD  RE  REMOVED  IN  ORDER  TO  INCPEASE  AVAILABLE  FOOD 
SUPPLIES  IN  AN  EPFQPT  TO  INCREASE  THE  OVERALL  NUMBEi^S  IN 
GIVEN  POPULATIONS.   UP  UNTIL  THIS  POINT  IN  ttm:^, 
TTMB'^PING  OPERATIONS  HAVE  SUPPLIED  THE  BASIC  PROCE  PURE 
FOR  ATTAINING  THESE   GOALS.  HOWEVEP,  SUCH  OPERATIONS 
REQUIRE  THE  CONSTRUCTION  OF  NUM=:pCUS  ROAD  SYSTEMS  WHICH 
ULTIMATELY  INCREASES  °UBLIC  USE  ON  AN  ANNUAL  BASIS, 
WHICH  IN  TURN  TEWDS  TO  FOPC^  ANIMALS  AWAY  Fc>OM  thEv. 
BURKING,  ON  THE  OTHEP  HAND,  IS  BY  FAR  PPEFE'^ABL'^  BECAUSE 
IT  REQUIRES  LESS  OF  A  COMPLICATED  ROAD  SYSTEM  WHICH 
ALLOWS  PUBLIC  ACCESS  INTO  HEAVILY  USEn  piG  GAME  APPaS. 
HOWEVER,  THE  CONTROL  OF  THES^^  PURN"=^  IN  CONJUNCTTCK  WITH 
THE  APPROPRIATE  SIZE  OF  THE  AREa  TO  BE  3UPNEB  IN 
PELATTONSHIP  TO  THE  SI7E  OF  TH^  APi^AS  TO  REMAIN  FPP 
COVER  AND  FFODUCTION  PUPPOSES  IS  STILL  OUE'^TI  ON  ABLE  IN 
THE  MINOS  CF  MOST  GAKE  MANAGERS.   IN  ADDITION  TO  THIS 
FACT,  IT  IS  WELL  KNOWN  THAT  FAST  "UPNING  CANOPY  TYPE 
PIPES  WHICH  TEND  TO  REMOVE  OVERSTCRY  WITHOUT  BFTMG 
MATERIALLY  DETRIMENTAL  TO  UNDEPSTCRY  SPECIES  SUCH  AS 
BROWSE,  GRASS  AND  POPBS  IS  BY  FAR  MORE  BENEPICIAL  AND 
PPODUPFS  FASTER  RESULTS  FOR  GAME  FQCO  THAN  "OES  A  SLOW 
BURNING  Fipr  WHICH  TENDS  TO  DENUDE  THP  AREA  COMPLETELY, 
THEREFORE,  THE  FOLLOWING  QUESTIONS  ARISE  ppQM  The 
STANDPOINT  OF  GOOD  GAM^^  MANAGEMENT:   1)  WHAT  PPOPCPTTON 
OF  A  SLIGHT  STAND  OF  CONIFEROUS  FOREST  SHOULD  BE 
REMOVED?   2)   SHOULD  THE  REMOVAL  SECTIONS  HE  OON"^  ON  A 
BLOCK  PASIS  OR  A  RANDOM  PATTERN  WITH  IRREGULAR  EOGF 
EFFECTS?   3)   WHAT  WIND  VELOCITY  IS  NECESSAPV  TO  PRODUCE 
A  CANOPY  BURN  WITH  THE  LEAST  POSSIBLE  EFPECT  ON  THE 
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EXISTING    UNDERSTORY    SPECIES?  WILDLIFE,  GA^-E 

ANT'^OL,  SH=un    UNHERSTORYtMEPBAGE    UNCERSTORY  ,  I-ANJPUL  A  f  IQM 

COMPARISON,AREA    SIZE, CROWN    RURNtFIRE    EPFECTS ,  HUM/VN 

ECOLOGY 

628.  10    691    AS  A  FIRE  MANAGER*  I  AH  INTERESTEO  TN  THE  EXTENT 

OF  DAMAGE  DONE  TO  A  STREA»4  OU^  TO  FIRE  EFtfcTS,  I.E. 
SILTATICN,  ERCSIONt  ETC.,  SP£CTFTCALLY  IN  R-GARO  TO  LOSS 
OF  FISH  AND  FISH  FOCD  PRODUCTION.   IT  WOULD  RE  OF 
INTEREST  TO  KNOW  HOW  RABIDLY  A  STREAM  CAN  REPAIR  ANY 
OAMAGE  DONE  AFTER  A  FIRE.    FISH, FIRE 
EFFECTS, STREAM, TIMING, SOIL  "EROSION, ST  ABILITY 

629.  10    732    DOES  FIRE  IN  CA<  c,RUSH  (GAMPc^L  OAK)  INCREASE 

SPROUTING  PORE  THAN  MECHANICAL  >"^THODS  OF  ELIMINATION? 
DECIDUOUS  FOREST, REPRODUCTION, FIRE  EFFrc TS, HA  NT PULA TICN 
COMPARISON, HUMAN  DISTURBANCE 

630.  10    732    HAVE  WE  CR-ATED  A  "LARGE  FIP«^  SITUATION"  IN  Oio 

MATURE  TIMBER  STANDS  BY  EXCLUDING  GROUND  FIRES?   SHOULD 
WE  RE  BROADCAST  BURNING  TO  "^^LI^TNATE  SOME  GROUND  COVER'' 
IS  THIS  PRACTICAL  ANYMORE  WITH  THE  INCREAS*^  IN  PRIVATE 
DEVELOPMENTS  (HOME  SITES)  IN  AND  ADJACENT  TO  THF  FOREST? 
HUMAN  ECOLOGY, FIRE  «^XCLUS  TO  N,  FL  A  M  ^' A  BI  LIT  Y  ,  PRE  SCCIBm 
FIRF,FU:L  REDUCTION 

631.  10    733    HOW  CAN  WE  DFTFRHt^JE  INTERICR  STEM  DAMAGE  CAUSEO 

BY  HIGH  VELOCITY  INTENSE  FIPE  IN  LCDGEPOLE  PINE?   OFTEN, 
THE  OUTSIDE  STEMS  SHOW  LITTLE  EFFECT,  HDWEV£R,  INTt^RIOR 
CELL  STRUCTURE  IS  DAMAGED  RESULTING  IN  RAHLY  SPLIT  STE^S 
AFTER  SEVERAL  WEEKS.   WE  NEED  SOME  WAY  TO  M^ASUR"^  THTS 
DAMAGE.    STEM,  ORGAN,  FIRE  EFF  ECTS  ,  EXOERI  M^NT  OPI'=:NTrn 
QUESTION, CONIFEROUS  FOREST, FIRE  INTEN  SITy  ,  FIRE  Ri^HCVIOR 

632.  10    733    WHAT  EFFECT  DOES  FIRE  ASH  HAVE  ON  THE  FISH 

SPAWNING  SITES?    FISH,  ASH  ,  RE  ppCOUCTI  ON,  STR«"  AM 

633.  10    733    WHEN  IS  Thc;  pcjMc  TIM^  TO  RFHABILTTATE  BURNED  OVER 

TIMBER  SITES  IN  COLORADO  AS  TO  THE  AV  A  TL  If-ILI  TY  0^^ 
MINERALS,  MOISTURE  FOR  THE  SEEDLINGS,  A)  SOON  AFTrp 
i^IRE,  OR  B)  IN  THE  SPRING  AFTE"  WINTER  mOISTUR'^"' 
SOIL, NUTRIENTS, PLANTING, TIMING 
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RESEARCH  RESULTS  REGARDLESS  OF  THFIR  7ALI0ITY  ANT 
OESIRABLIITY,    VALUE  JUOGEMENT  ,  HU»' AN  ECOLOGv  ,  Flop 
EXCLUSION, FIRE  EFFECTS 

635.  11    059    DOES  FIRE  PROMOTE  THE  ESTABLISHMENT  OF  HYP=?0PI-0OTr 

SOILS?  IF  SO,  IN  WHAT  MANNER  AND  TO  WHAT  OEGREE'' 
EXPERIMENT  ORIENTED  OUFSTI  ON,  SOIL -WATER  R=:LATT0NS 

636.  11    059    WHAT  EFFECTS  00  DIFFERENT  SIL VTCULTUR AL  PRACTICES 

(TIKf^ER  HARVESTING  TECHNIOUES)  HAVE  ON  FUEL  LOAniNCS? 
MANIPULATION  COMPARISON,  FUEL/BICh^  ASS  ACCUMULATION 

637.  11    366    WHAT  ^'IGHT  BE  THE  EFFECT  CF  CHANGING  THE  D="NSTTY 

OF  DEAD,  STANDING  SNAGS  AS  SEEN  IN  THE  FIRE  FOEOU-NCY 
FOR  THE  AREA,  AND  POPULaTION  HENSITIES  OF  INSECT  PPSTS, 
TEE  POLLINATORS,  INSECTIVOROUS  AND  CARNIVOROUS  BIRns? 
SNAG, INSECT, BIRO 

633.   11    196    HOW  OOES  FIRE  OF  DIFFFPENT  INTENSITIES,  ON  A  GIVEN 
SITE,  AFFECT  THE  PROBABILITY  OF  RECURRENCE  OF  FIRES  IN 
LATER  YEARS?    FIRE  I  NTENS  IT  Y  ,F  IRE  FREOUi^NCY 

639.   11    196    HOW  DOES  THE  HYOROLOGIC  REGIME  OF  A  WATERSHED 
CHANGE  AFTER  FIRES  CP  BIFFE'^ENT  INTENSITIES  SUCH  AS 
GROUND  FIRE  OR  CROWN  FI?E?   SPECI F IC A LLV ,  HOW  DOES  FIde 
AFFECT  RUNCFF,  OVERLAND  FLOW,  INFILTRATION  RATES,  AND 
INTERFLOW?   ONCE  THESE  EFFECTS  CCCUP,  HOW  LONG  DO  Tmfy 
REMAIN  ON  A  BURNED  WATERSHED?    WATERSHED , HYDROLOGY , FIRE 
INTf^NSITY,  TIMING 

6'+0.   11    196    WHAT  CHANGES  ARE  MADE  IN  f'RY  WEIGHT  OF  STANDING 
LIVE,  STANDING  DEAD,  AND  DOWN  FUELS  FCLLOWIMG  FIR'^S  OF 
DIFFERENT  INTENSITIES?    FIOE  REM AVTOR, FUEL  REDUCTION 

6«+l.   11    196    WHAT  OOES  THE  EFFECT  OF  FT^E  wANflGEMENT  ATTITUDE 
(SUCH  AS  LETTING  FIRES  OF  LOW  INTENSITY  BURN  OUT  UNDER 
FAVORABLE  CONDITIONS  VERSUS  PUTTING  OUT  ALL  f^I^ES)  HAVE 
ON  NATIONAL  FOREST  nuDGETS  WITH  REGARD  TQ  Mfll'jTAINTNG  OP 
t'EDUCTNG  INITIAL  ATTACK  FORCES,  EQUTOMENT,  AND 
''RESUPPRESSION  COSTS?   HOW  DO  VARIOUS  CUTTING  PRACTICES 
AFFECT  THESE  COSTS?    GENERAL  FIRE  MA NAGEMENT , ECONOMIC 
EFFECTS 
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196    WHAT  EFFECT  n^    vflPlQUS  METHODS  OF  HARVEST  SUCH  AS 
CLEARCUT,  THINNING,  S TRI PCUT TING ,  ETC.,  HAVE  ON  FIP^ 
IGNITION,  RATE  OF  SPREAD,  AND  CONTROL  ABILITY?   WMflT 
EFFECTS  00  CUTTING  PRACTICES  HAVE  ON  DRY  WEIGHT  OF  LIVE, 
DEAD,  AND  DOWN  FUELS?    MANIPULATION  COMPARISON ,FIPE 
BEHAVIOR,  FUEL/BIOMASS  ACCU^^ULA  T  ION 

196    WHAT  IS  THE  OETEPIORAT I CN  RATE  OF  FUELS  FOLLOWING 
FIRES  CF  VARIOUS  INTENSITIES,  AND  HOW  DOES  THIS  COMPARE 
WITH  LOGGING  SLASH  FOLLOWING  PILING  AND  BURNING,  OR 
COMOARfH  WITH  THE  DETERIORATI CN  RATE  OF  SLASH  WHICH  HAS 
BEEN  CHOPPED  AND  SCATTERED?    D^CCMPOSITION,  FIP«^ 
INTENSITY, MANIPULATION  COMPARISON 

200    ON  SITES  WHERE  ARIZONA  FESCUE  BECOMES  ESTABLISHED, 
PONDEROSA  PINE  IS  EXCLUDED.  IS  THIS  A  PEOMANi^NT 
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CONOITICN?   WILL  TH^^  FESCUE  OISflPPEAR  AFTlR  A  LENGTH  OF 
TTMF,  OR  IS  IT  NECESSARY  FOR  FIRE  TO  PRtOARf  THE  STTE 
R^FCRE  T^E    PINE  CAN  RE-ESTARLISH  ITSELF?   IN  THE  FTNIJS 
PONC^ROSA-FFSTUCA  ARI^ONICA  ASSOCIATION  IN  THE 
SOUTHWEST,  WHICH  IS  THt^  CLIMAX  SPECIES? 
COHPETTTIONtVEGFTATIONtSUCCSSICN 


2G1    WHAT  IS  ^H'^  AopflL  nisTRIBUTITK  OF  "^IP :- TNOUC'n 
SOIL-WATER  REFELLENCY  FOLLOWI^G  LIGHT  SURFACE  ^I'^ES? 
SEVE=!E  FlPps?  IN  DIFFERTNT  SOILS,  HABITAT  TYP-<?,  ANC 
STAND  TYP'S?   WHAT  ARE  TH£  FACTORS  THAT  OISJ'UDT  AMP 
TREAK  OOWN  WATFF  ("^^tLLEMT  LAY^^RS?   HOW  LONG  ARc  c^i^h 
LAYtRS  EFf^ECTTVE?    SOIL-WATER  REL A  TI  ONS,  FIRE  INTENSITY 


«j'*7.   11    ?88    WHAT  IS  TH«^  FoeqU'^NCY  CF  LIGHTNING  STPIi^ES  AMPMG 
DEAD  TREES  OR  SNAGS,  AND  WH/iT  ARE  THE  CONSEQUENCES  OF 
SUCH  STRIKES?   ARE  ^I'3GE  TOP  TPcrs  MORE  STRIKE  PPCN^^ 
THAN  TkEES  ON  SLOPED?   DOES  THE  ELIMINATION  0«="  '^(^AC 
TRE'^S  CURING  TIMBER  hapV-STS  SIGNIFICANTLY  ^<='l\.)Cz    THE 
MUMPER  OF  LIGHTNING  FIRES?    SNnG,PIR«^ 
FREQUENCY,  LIGHT NING-CADSEO  p'IPE 

6i+8.   11    28ft    WCULD  PCOENT  CONTROL  A^TER  SO^E  FIRES  INCPEASE 
CHANCES  OF  PEFORESTATTON  gv  SPROUTING  OR  ^Y  THE  Fe-w 
VTAPLE  SE'^OS  AVAILAPLE  ON  THE  GROLNP  AND  FROM  Tpffc  nqt 
KILLED  TY  THE  FIRE?    SMALL 
MA^-MAL,  REPPQOUCTION,  SEED,  HERR  IVORY 

^^+9.   11    289    WHAT  IS  THE  EFP:!CT  OF  CHANGIN''^  TH£  FIP£  FR'^'^ll'^Nr  Y 
AND  INTENSITY  AS  SEEN  IN  UNOrRSTORv  VEGETAL  PRCCUCTIVTTY 
IN  PONOEROSA  °INE  0^    NQPTHEpN  NEW  MEXICO?    FIRE 
FREQUENCY, PIPE  INTENS I TY , SHPUP 
UNOERSTORY  , PRODUCT  IV  ITY  ,  SUCf^E"=^S  ION 


650.   11    337    IS  THERE  A  pELATIONSHIp  BETWEEN  FIRE  c:XCLUSTON 
THE  POPULATION  DYNAVICS  OF  the  SpFUCE  9APK  BEETLE? 
TUS£CT,FIRE  EXCLUSION 


A  NO 


651.   11    "^07    WHAT  ARE  TH-  EF'^ECTS  OF  FU'L  CONSUMPTION  r>Y  FIR=^ 
ON  THE  PQi^ULATIONS  OF  THE  SOIL  "IT'OITOTA?   ARE  THPCE 
SIGNIFICANT  CHANGES  IN  THEIR  pROOUC TI VIT Y?   TAVA  OF 
INTEREST  TC  ME  APE  THE  ACTI  NCMYCf^  TES,  ASCT^yc'TES, 
NTTROBACTER,  NIT'OSCHONAS ,  VIBRIO,  pSEUDOMONAS  AND  th^ 
OPIIATTO  MITES.    FUEL  REOUCT  lOK  ,  ^TCROORGANIS  »^,  SOIL 


652.   11    K7    WHAT  ARE  THE  ''FFECTS  OF  PPESCPITEP  BURNING  ON 
NET  PRODUCTIVITY  OF  COMMON  WEST'^RK  TREE'^^?   HOW  WELL 
THESE  CHANGE'S  RE^'LECTEO  Pv  trpe-RTNG  INCREMENTS? 
PRESCRIBED  FIRE,  pRCOUCTIVTTY , VEGETATION, ST^M 


THE 
Apc- 


653.   11    ^C7    WHAT  ARE  THE  EFFECTS  OF  PRESCRIBED 
CYCLING  RATES  FCP  PCTASSTU^,  NITRcrf^N  AND 
MOW  on  THESE  RATES  CHANGE  WITH  TIME? 
NUTPIENTS, PRESCRIBE^  FIRE 
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•^IRE  ON  THE 

PHOSPHOROUS'' 


65*+.  11  307  WHAT  ARE  THE  EFFFCTS  OF  VARIOl'S  ENEPG Y-RPLF AS^ 
RATES  ON  ARCEUTHOBIUM  POPULATIONS  IN  PONDEROSA  PINE? 
EPIPHYTE, FIRE  INTENSITY 

655.  11    :?07    WHAT  IS  THE  RELATIONSHIP  BETWEEN  ENERGY-RELEASE 

RATES  AND  OIA hETERS  OF  KILLED  TREES,  FOR  COMMON  SPETirS 
OF  WESTERN  TREES?    SIZE  CLASS, FOPTAL  ITY, FIRE  INTENSITY 

656.  11    5kk  CAN  LIGHTNING  BE  CONTPCLLEO  ^Y  SETTING  UP  SOME 

TYPE  OF  LIGHTNING  ARRESTER  OR  OTHEP  METHOD,  AND  IF  SO, 
COULO  IT  3E  OPERATEC  ONLY  DURING  TIMES  THAT  flRPc  wiLL 
CAUSE  HAMAGE?    LIGHTNING  EFFECTS ,L IGHTNI NG-CAUSEP  FIRE 

657.  11    Si*U  IF  ALL  SNAGS  ARE  REMOVED  FRCM  AN  AREA  IN  TM£ 

SOUTHWESTERN  U.S.,  WHAT  WILL  BE  ^H-  EFFECT  ON  THE 
BIRO-INSECT  RELATIONSHIP?    BIPD,  SNAG  ,  INSECT,  HUf-aN 
DISTURBANCE 

658.  11    SkU  WHAT  EFFECT  DOES  A  FIRE  HAVE  ON  THE  A^EA  OUTSIDE 

THE  FIRE  AND  HOW  FAR  DOES  THE  EFEFCT  Pt^ACH?    FIPE 
EFFECTS, ECOTONE, AREA  SI7F 

659.  11    5k5  DOES  INITIAL  AND  REPEATED  BROADCAST  BURNING  REDUCE 

THE  "^OCO  SUPPLY  OF  THE  ABERT  SnuiRRi^L?    S^ALL 

MAMMAL, FIRE  EFFECTS , POPULATION, FIPE  FREOUENCY ,PRESr PIBED 

FIPE 

660.  11    5tt5         DOES  PERICPIC  BROADCAST  RUNNING  AID  NATURAL  SEEP 

GERKINATTON  AND  SEEPLING  ESTABLISHMENT''   WHAT  IS  THE 

TIME  FACTOR  IN  RELATTCN  TO  SEED  CAST? 

TIMING, PRFSCPIf^ED 

FIPE, SEED, R^PROOUCT TON, DISPERSION, GROUND  FIPE 

661.  11    5^+5    UNDER  WHAT  CONDITIONS  CAN  FIRE  BE  USED  AS  A 

MANAGEMENT  TOOL  TO  REDUCE  COMBUSTIPLE  FUELS,  WITHOUT 
DESTROYING  THE  TREE  RESOURCE,  IN  A  ^OREST  TY^E 
(PONOERQSA  PINE  WITH  A  WOODY  LNPERSTORY)  WHERE  FUELS 
HAVE  BUILT  UP  OVER  THE  PAST  50  YEARS  AND  THER-  I*^  A 
DIFFERENTIAL  IN  TREE  SIZE,  AGE,  AND  0  ISTRI^UT  ION-* 
PRESCRIBED  FIRr,i^UEL  REDUCTION,  SHRUB 
UNOERSTORY  ,FUEL/BIOMASS  ACCUPULAT ION, CONI FFROUS  FOREST 

662.  11    5^*5    WHAT  ARE  THE  CHANGES  IN  THE  v-iCROCL  I"  ATE  FOLLOWING 

A  GROUND  BROADCAST  BURN?    MICPCCLI MATE, GROUND  FIRE, FIRE 
EFFECTS 

663.  11    54*5    WHAT  EFFECT  DOES  PERIODIC  BLRNING  HAVE  IN  THE 

NUTRIENT  RECYCLING  PROCESS?   WHAT  IS  THE  pE^^C-NT 

RECOVERY  OF  NUTRIENTS  BY  PLANT  GROWTH  AFTER  BURNING?   IS 

THE  TREE  GROWTH  RATE  INCREASED  DUF  TO  A  GREATEP 

ABUNDANCE  CF  NUTRIENTS  AFTE''  BURNING?    FIRE 

EFFECTS, NUTRIENTS, FIRE  FREQUENCY, CPODUCTIVITY , POPUL ATION 

GROWTH 

66tt.   11    5'*5    WHAT  IS  THE  FREDUEMCY  OF  BURNING  NEEDED  TO  CONTROL 
COMPETITIVE  PLANT  SPECIES  SUCH  AS  TURBINELLA  DAK, 
MANZANITA,  ANC  ALLIGATOR  JUNIPER?    FIRE 
FPEOUENCY,  PRESCRIBE"  P'IRE,  SHRUB  UNPt^RSTORY,  CONIFEROUS 
FOREST, COMPETITION 
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665.  11    51*5  WHftT  IS  THE  OPTI^^uy  APEA  TO  RURN  TN  R^L5TI0N  tq 

MULc  DEER  HABITAT?   WHAT  ART  THE  EFFECTS  OF  PURNTNG  OM 
iULE  Ct"R  PQOULATIONS  IN  PELATICN  TO  HAIITAT  CONOITTONS 
AFTER  INITIAL  ANO  RFPEATED  BURNING?    APEA  SIZ^tGA^-E 
ANIt^4L,FIPE  EFFECTS,FIP£  FREQUENCY  ,  PRESCRI  BFn  FIRE 

666.  11    5145  WILL  A  PONOEPCSA  PINE  SEEDLING  MORE  LIKELY  SUCC'JMR 

TO  NCISTURE  STRESS  IN  A  RUPNEO  A^EA  VERSUS  AN  UNBUPK'EP 
AREA''    '^OPTALITY,SCIL-WAT£R  RF  LA  T  I  CNS,C  0  M  FERGUS  FCPEST 

667.  11    5kh  FUEL  BREAKS  ARE  BEING  UTILT7£n  CONSIDERABLY  IN  THE 

SOUTHWEST  IN  PREATTACK  °LANNING.  WE  AS  YET  00  NOT  HAVE 
GOOP  INFORMATION  ON  HOW  MUCH  VALUE  FUEL^fREAKS  WCULO 
MAVEt  WHAT  WIOTHS  APE  BEST  ETC.,  IN  SOUTHWESTFPN 
POND'RCSA  PINE.    FIRE  <="XCLUS  ION,  GENERAL  '^IR'=' 
MANAGEMENT, HUMAN  DISTUPBANCE 

668.  11    5f*6    HOW  PUCH  ASH  CR  CARRCN  CONTACT  CAN  A  TROUT  FISHERY 

WITHSTANH  WITHOUT  SUBSTANTIAL  LOSS  0*^  FISH? 
FISH, STREAM, FIRE  EFFECTS, CHARCOAL 


669.  11  5^6  LOSS  OF  TREES  THPOUGH  SCOPCHTNG 
AT  THE  30LE  IS  A  PPCBLEM  IN  ALL  TYPES 
3URNING  IN  THE  SOUTHWEST.  mqw  CAN  WE 
WHAT  ^AXI-^U^  BOLE  TEMPERATUPES  CAN  RE 
MUCH  LIVE  CROWN  CAN  WE  LOSE  ANO  STILL 
CROWN, CROWN  RURN,MOPTALTTY, CONIFEROUS 
FOREST,ST=-y,ORGAN,PPESCRIREn  FIPE,HCAT 
INTENSITY 


ANT  evCE^^'TVE  Hi^AT 
OF  Ppr^r^iBEn 
MINIMT7E  THT*^' 
TOLERATED?   Hrw 
SAVE  THE  TOEE'' 

ZFFErTS,FIR'^ 


670.  11    5U6    WHAT  INTENSITY  OF  FIRE  IS  REOUIREO  "^OR  S'^PIOUS 

DAMAGE  TO  SOIL  NICRCORGANI  SMS  ANO  BACTERIA''    FI'^E 
INTENSITY,  SOIL, MICR CO PGANIS*^ 

671.  11    5«+7    BLACKENED  GROUND  ABSORBS  SOLAR  H^AT  taST^p  ANT 

DEEPER  THAN  NATLRALLY  COLORf^O  SUPFACES.   WAPMJh  rouSES 
EARLIER  SPPING  GPOWTH.   WHAT  IS  THE  AFF-CT  OF  FPOST, 
SNOW,  SORING  WINDS,  E^C.  ON  SUCCULENT  GPnuiTH  POR  AN 
EARLIER  START  ON  BUpNEO  LAND  AS  CCMDAPPO  TO  GRASS  THAT 
GREENS  UP  NATURALLY  A  MONTH  LATER  ON  UNRUPNED  SOIL''   APE 
THEPF  any  COM'^ARISOKS  of  this  for  a  long  ENOUGH  TTM*^  TO 
HAVE  AVERAGE  TYPE  WEA'^HC"R  OP  SPRING  DATA?    Plt"^ 
EFFECTS,  SNOW,  MICCOCL  I  MATE,  CHARCCAL,  AS  H,DPOOUCTI  VI  TY,R'^  PR 
OnuCTION 

672.  11    5U7  COULD  THERE  ^^    A  LATENT  SIDE  EFFi^CT  TO  dpESCPIRCo 

B'JRNTMG  IN  SPRING  OR  FALL  INSTEAD  OF  DURING  THE  TTMP 
MOTHER  NATURE  DOES  HER  IGNITING?   I  MEAN  IS  THEPE  A 
POSSIBLE  -COLOGICAL  FACTOR  WE  AREN'T  CONSTD^PING  WH^n  WE 
BURN  IN  THE  FALL  TO  REDUCE  FIRE  HA7ARD,  BUT  DU^^ING  A 
SEASON  WHEN  WE  APE  CONFIDENT  WE  CAN  CONTROL  OUR  FIRE? 
^IRE  EFPECTS,PFESCRIREn  FIRE , LIGHTNING-C AUSPn 
FIRE, PRESCRIBED  FIRE  ,  TI  MING,  ECOSYSTi^m 


673.   11    5k7  WITHIN  ANY  GIV^N  APEA  WHERE  FIRE  IS  EXCLUOEP,  IS 

THERE  A  MAXIMUM  DEPTH  TO  WHICH  NATUPAL  0==:''RIS  (FALLING 
NEEDLES,  LEAVES,  TR^ES  THEMSELVES,  ETC.)  BUILDS?  OP  DOES 
THE  HU»'US  SIMPLY  KEEP  GETTING  DEEPPP  AND  PEEPER''   IN 
OTHER  WORDS  IS  THERE  A  CERTAIN  POINT  TO  WHICH  <^OIL  AND 
HUMUS  REACH  A  STABLE  POINT?    FUEL/PTCMASS 
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ACCUMULATION, FIRE  EXCLUS ION , SOIL » OUPF 

b7h,       11    5U8    HAVE  ANY  STUDIES  BEEN  CCMPLETED  ON  THE  EPFFCTS  OF 
CONTPOLLED  BURNING  CN  GAME  PCFULATIONS,  PARTICULARLY 
NESTING  BIROS  ANO  SMALL  MAHMALS?    SMALL 
MAMh'AL.BIRCPRESCRIPEO  FIRE, FIRE  EFFECTS 


675.   11    552    ARIZONA  CYPRESS  fCUPRESSUS  ARItONTCAI 
PURE  STANDS  IN  ISOLATED  oqcKETS  IK  VAFIOUS 
THE  SYCAMORE  CANYON  WILOERNESS  ORFA.   WHAT 
ABSENCE  OF  FIRE  CONTRIBUTES  TO  THIS  UNIQUE 
PATTERN?    FIRE  EFFECTS, FIRE 
E  y  CLU  S I  ON,  PQPUL  ATI  or,  CONIFEROUS  F0P«^ST 


GROW^  TN 
PORTION^;  OF 
OCCURRENCE  OR 
GROWTH 


676.  11    552    OOG-HAIR  THICKETS  OF  SECONB  GROWTH  PONOEROSA  PINE 

ARE  A  COMMON  OCCURRENCE  BELOW  THE  f^OGOLLON  PIM  TN 
ARIZONA.   DUE  TO  THE  LIMITED  TI^'BER  RESOURCF,  THINNING 
AND  WEEHING  CAN  ONLY  BE  APPLIED  IN  A  VERY  LIMI-^FP 
FASHION.   CAN,  ANO  WILL,  FIRE  SOMEDAY  BF  SURSTTTUTEn, 
UNDER  PPESCRIPTION,  AS  A  CULTUPflL  PPACTICE?    PR^^SCRiqEC 
F I  RE,  CGMPETITI  Oh,  DENSITY,  CONIFEROUS  f^  OPE  ST 

677.  11    55?    THE  PPACT  ICE  OF  IMMEDIATELY  SEEDING  A  MAJOR  FIRE 

TO  GRASSES  MAY  INHIBIT  FUTURE  EFFORTS  AT  NATURAL  AND 

ARTIFICIAL  REGENERATION  OF  FOKDEROSA  PINE.   CAN  FI^E  PE 

USED  AS  A  TOOL  FOR  SITE  PREPARATION  TO  REnuCE 

COMPETITION  FROM  GRASS  ANO  GRASS-LT^E  VEGETATION  LNDER 

THE  HARSH  CONDITIONS  OCCURRING  BELOW  THE  MOGOLLON  RIm  tN 

ARIZONA?    GRASSLAND, FIRE 

EFF EC TS, RE PRODUCT 10 h, COMPETITION, CONIFEROUS 
FOREST, PRESDRiqcf^  jrjpr 


678.   11    553    DOES  CHARRED  FUEL  AFFORC  RESTSTANCf^  TO  IGNITION? 
IN  OTHER  WORDS  WILL  A  COOL  FIRE  THROUGH,  SAY  THINNING 
SLASH,  REDUCE  THE  HAZARD?    FIPF 
EFFJ CTS,CH ARC OAL,FLAMM ABILITY, FIRE  INTENSITY 


67B.   11    819    WHAT  IS  THE  PROBABILITY  OF  A  FIRE  STAPTING  WHEN 
LIGHTNING  STRIKES  A  DEAD  STANDING  T^EE  AND  THE 
°ROBAPILITY  OF  A  FTi^E  STARTING  WHEN  LIGHTNING  STRIKES  A 
GREEN  Live  TREE?    LIGHTNING  EFFECTS, LIGHTNING-CAUSED 
FIRE, FIRE  FREQUENCY, SNAG, CONIFEROUS  FOREST 

680.  11    819    WHAT  IS  THE  PPOBARILITY  OF  LIGHTNING  'STRIKING  A 

DEAD  STANDING  TPEE  AS  0°POSEO  TC  A  LIVE  TREE? 
LIGHTNING  EFFECTS, SNAG .CONIFEROUS  FCREST 

681.  11    819    WHAT  ORGANISMS  INHABIT  DEAD  TREES  ANO  ARE  THE  DEAD 

TREES  AN  ESSENTIAL  PORTION  OF  THEIR  LIFE  CYCLE'   IF  SO, 
WHAT  ARE  THE  BENEFICAL  AND  DETRIMENTAL  EFFECTS  0^  THESE 
ORGANISMS  TO  MANKIND?   IS  IT  MORE  IMPORTANT  TO  Li^AVE 
THESE  DEAD  TREES  STANDING  FOR  ORGANISMS,  ANIMALS  ANP 
BIRDS  OR  TO  DROP  ANC  REMOVE  THEM  AND  PEDUCF  A 
LIGHTNING/FIRE  HAZARD?    SNAG,FIPE 
FREQUENCY, ANI MALS, V ^LUE  JUDGEMENT , ECOSYSTEM 


682.   12    56U    ARE  THERE  LONG-TERM  ENVIRONMENTAL  EFF'^CTS  ^p  LA^GF 
FIRES,  SUCH  THAT  THE  ECOSYSTEM  IS  IPREPARABLY  OA'^AGFD? 
OR  ARE  THE  ADVERSE  EFFECTS  SHORT-TERM,  AND  MAY  THEY  RE 
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MEGATtD  IN  THE  LONG  R'JN  THROUGH  PROHUCTION 

BlC^'flSS?    FIRF  INTENSITY,  A^-EA 

SIZE,  success  I  ONfFUEL/ 91 0-1A<^S  ACCUNUL  A  TTON 


OF  iNf^REASEO 


683.   13    5^k  00  AGGRESSIVE  FI^E  CONTROL  PfOCFOURES  ENHANCE  THE 

POSSIBILITY  OF  CISACTRnUS  FIRES  OUE  TO  TREHENDOUS  FUEL 
BUILn-U^S.  FIRt^  EYCLUSION,FIRE  BEHAVIOR,  FUEL/BIO^  ASS 
ACCU»^ULATICN,PPO0UCTIVTTY,SUCCESSI0K 

68k.        12    Sbk  WHAT  ARE  THE  LONG  RANGE  EFFECTS  OF  SHALL  QpEM 

f'APKS  REING  ALLOWED  TO  RESEFC  WITH  ^PPUCE,  FIR  ANO  FINE, 
ON  WILDLIFE  SPECIES  (ELK,  DEER,  BEAR,  ETC.)''    FIFE 
EXCLUSION,  ANIMALS,  SUCCESSION,  VEGETATION,  APi^A  SI"^- 

685.  1?    567    WHAT  ECOLOGIC  CHANGES  HAVE  RFSULTEO  IN  THE 

PONDERCSA  PINE  TYPE  TN  N'^'W  HEVICO  THROUGH  the  EXCLUSION 
OP  FIRE?   COMMENT-  IN  MANY  AREAS  OF  THE  SOUTHWEST,  WE 
FIND  LARGE  AREAS  OF  "DOG-HAIR"  THICKETS  WHICH  HAV-  GROWN 
UP  IN  THE  LAST  ?0-60  YEARS.  PRESENTLY,  TH^Y  APE 
IIOLOGICAL  CESERTS  AND  CERTAINLY  FIRES,  IF  ALLOWFD  TO 
TURN  IN  THE  PAST,  WQUL"^  HAV^  CHANGEO  THIS  SITUATTOH. 
MANAGEMENT  ACTIVITI<eS  SUCH  AS  THINNING,  LOGGING,  ETC., 
CAN  REPLACE  FIRE  TO  SO'^E  EXTENT  IN  THE  REMOVAL  OF  TpEES. 
HOWEVER,  WE  ARE  STILL  L^iFT  WITH  A  9UILD-UF  OF  nuf^F  WHICH 
APPEARS  TO  BE  A  gARRIER  TO  THE  PENETRATION  OF  WATER  INTO 
THE  SOIL  AND  TO  THF  ES  TA  "^L  I^H  ^E  NT  OF  OTH^p  PLANTS 
(GRASS,  FORPS,  PPOW^^E,  ETC.).    FIRE 
EXCLU*^ICN,  CONIFEROUS  FOREST, HE'=nAGF 
UNDER  ST  QRY,SOIL -WATER  R'^L  A  T  I  CNS  ,L  I  TT^^  R,  HUFF 

686.  12    568    nOE«^  pRCP'^pLY  APPLIED  PPESCRTBEO  nROAr>CA<^T  PURNTMG 

HAVE  A  SIGNIFICANT  EF'^'^CT  O^^i  THE  GROWTH  RATc  qf  lTV^ 
TPEES  AS  OFPOSEO  TO  THE  GROWTH  RATE  WHERF  SLASH  DISPOSAL 
IS  ACCCMPLISHtO  TY  ALTERNATE  METHCTS?   I  WOULD  LTi^f  to 
S»^E  MORE  RESEARCH  INTO  THE  PELATI CNSH  IPS  DETWE^^N'  CANPIUM 

temperature,  duraticn  of  heat,  tree  soecit^s,  si7«^,  park 
thickn:ss,  etc.  as  these  relate  tc  xilling  of  -^rfes  in 

SURFACE  Fiprs,    PPESCRIBEO  F ICP , PQPULAT lOM 
GROWTH, MANIPULATION  C OMPAR I  SON , CR G A N, HE A T 
EFF.-CTS,STFr, MORTALITY, CONIFEROUS  FOREST, FIPE  EFi^FCTS 

687.  12    569    HOW  WOULD  BE  THE  DFST  WAY  TC  PLACE  A  SOUTHWESTFPN 

NEW  MEXICO  WILDERNESS  ARt^A  DACK  INTO  ITS  NATURAL  STATE 
AND  HOW  LONG  WOULD  FE  REQUIRED  TO  CO  SO,  STRICTLY  FROM  A 
NATURAL  -FIRE  STANDPOINT?   A-^E  HOT,  JUNE  FlPrs  NE'^ESSARY 
IN  A  WTLDFRNESS  AREA  TO  PERPETUATE  NATURAL  CONDITIONS  OP 
COULD  COOLER,  LATE  SEASON  FIRES  DC  the  REOUIRED  JOP'' 
ARE  HOT,  JUNE  FI^ES  TpuLY  OISASTEKCUS  IN  A  WILDERNESS 
AREA  OR  DO  THEY  =!RING  ADOUT  CHANGES  AND/QP  ALTERATTCNS 
WHICH  ARE  DEEMED  DESIRARLE  TN  WTLOEPNESS  AREAS'*    VALUE 
JU0G^':M£NT,  FIPE  EXCLUSION,  FIRE  EFFECTS,  TIDING,  FIRE 
INT^MSITY 

688.  12    570    HOW  f-ANY  TONS/ACRE  OF  FUEL  ARE  REOUIRFO  ^o  SUPPORT 

A  CRCWN  FIRE  IN  PONOEPOSA  PINE  AND  TN  MIXED  CONirrp 

FOR-ST  IN  THE  SOUTHWEST''    FU^L/D  IC^^ASS 

ACCUMULATICN, CROWN  BURN,  CONI  F  EPCUS  FOREST, FJRr  n'^HAVTOR 


689.   12 


570    WILL 
SOUTHWEST, 


LOGGING,  AS  IS  NOW 
DO  THE  SAME  JOoi  AS 
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PRACTICED 
FIRE  ONCE 


IN  THE 
DID  IN 


KEEPING 


PONCEROSA  PINE  GROWIN';  IN  RFLATTVELY  PURE  STANDS,  OR 
WILL  FIR  SPECIES  ANH  DO'JGLAS-FIR  COME  IN  AND  FORCE  TUT 
THE  PINE  OR  ESTARLISH  A  Miy«^D  STAND?    SUCCESSION ,  FI^E 
EXCLUSION, HUMAN  DISTURBANCF , M ANIPUL AT  ION 
COMPARI SON, EC CSYSTEM, COMPETITION, SPECIES  DIVERSITY 

690.  12    572    WHAT  IS  EFFECT  OF  TIMING  OF  UNOERSTORV  PRESCPIPEO 

i^IRE  (GROWING  SEASON  VS.  OTHER  SEASON)   ON  POLF-ST^FO 

SOUTHWESTERN  PONOEROSA  oTNE,  AS  .OBSERVED  IN:  RESTSTANCE 

TO  FIRE  EFFECTS,  RESISTANCE  TO  INSECT  ATTACK,  GROWTH 

RATE?    FIRE  EFFECTS, CONIFfPOUS 

F  OREST,  PO  PUL  AT  I  CN,  I  NSECT,STE»^,  POPULATION 

GROWTH, PRESCRIBED  FIR^^GROUNH  FIRF 

691.  12 


692.  12    703    CAN  CONTRCLLEC  BURNING  of  USED  TO  CON'"ROL  VAPIOUS 

INSECT  INFESTATIONS  IN  POREST  ECOSYSTEMS''    INSECT, ^I^F 
EFFECTS, PRESCRIPED  FIRc 

693.  12    731  IN  AREAS  THAT  HA\/E  A  LONG  HISTORY  OF  PROTprTION 

FPC^  BURNING  AND  WHERE  A  LA^GF  AMCUNT  OF  RURNAPLF 
•1ATEPI0L  HAS  BUILT  UP  ON  THE  FORi^ST  FLOOR,  CAN  A 
CONTPCLLEO  BURN  3t"  CONDUCTED  WITHOUT  EXCESSIVE  Mr/\T 
HARMING  THE  TOP  SOIL  LAYER?    PRESCRIBED  FTREtFlpr 
EXCLUSION, SOIL, HEAT  EFFECTS , FUEL/PI  OH  ASS  ACCUNULATICN 

69'+.   12    703    IN  USING  CONTROLLED  BURNING  FOP  CPEATION  OF  PIG 
GAME  HABITAT,  WHAT  SI^E  BURN  IS  OPTIMAL  FOR  MAYTMU*' 
UTILIZATION  AND  HOW  MUCH  OF  A  Bf^LT  SHOULD  BE  L'^fJ 
BETWEEN  BURNS?    AP-A  SI7E,GAME  AM MAL , pRESOPIRFD 
FIPE,ECOTON- 

695.  12    7C3    TO  CARRY  THE  IDEA  OF  WTLDEPNE^S  AREAS  TO  ITS 

FULLEST  MEANING,  SHOUL'^N'T  PCREST  FIRES  RE  ALLOWED  TO 
BURN  IN  WILDERNESS  AREAS  WHERE  NO  HARM  CAN  ^OMr  TO 
PEOPLE  OR  PROPERTY?    VALUE  JUDGEMENT, FIRE 
EXCLUSION, FIRE  EFFECTS 

696.  12    735    f^IRES  THAT  AR^  NOT  OANGEpQUS  AND  COULD  BE  Lt^FT  TO 

BURN  OUT  MUST  STILL  BE  MANNED  BECAUSE  OF  PUBLIC  DFINTON. 
THE  EXPENSE  OF  MANNING  THESE  FIRES  CAN  BF  OUT  OF 
PROPORTION  TO  THE  VALUE  OF  THE  RESOURCE.   HOW  DO  WP 
EDUCATE  THE  PUBLIC  ON  FIPES  AS  A  NATURAL  OCCURRENCE? 
FIRE  EXCLUSION, ECONOMIC  EFFECTS , VALUE  JUDGEMENT, PURLTC 
REACTION 
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697.  12    /.Te    AT  WHAT  PCINT  DOES  THF  SOIL  "t^COME  DA^AGFO  WHFN 

BURNING  SLASH?   HOW  DOES  ONF  rFTFR^IMF  THAT  THE  FIPE  IS 
HOT  ENOUGH  TO  GTT  CO^^PLFTE  CCMquSTTON  WITHOUT  nAHflCTNG 
THE  SITE?    SOIL, HEAT  EFFECTS,FUEL  PFDUCTIO N, PIRE 
cF'^ECTS 

698.  12    73P,    WHAT  ARE  "^HE  MAXIMUM  TEMPERATURES  OR  rUcL 

OONOITICNS  THAT  pONCFROSA  DjKjr  CAN  WITHSTAMO  IN  THF 
VARIOUS  SI7F  CLASSES?    SIZE  CLASS, HFAT  EFPECTS,FIR£ 
INTENSITY, CONIFEROUS  FOi^EST 

699.  12    7?e    WHAT  STANP  OP  CROWN  DENSITY  IS  RFOUIRFO  TO  CAFPY  A 

PIR-  IN  STANDING  PI KON-  JUN I  PEP  STANDS?    CROWN 
BURN,  CROWN,  PL  AM  f"  ABILITY, FIRF  "EHAVIOR 

700.  12    755    COULD  THE  SOIL  3E  TREATED  EITHER  PHYSICALLY  0^ 

CHEMICALLY  TO  ENHANCE  SEED  GERMINATION  AND  SURVIVAL? 
SOIL, NUTRIENTS, SEFO 

701.   13    055    DOES  FIRE  PROPUCF  NITPOGEN  CFFICIFNT  CONOITIOKS  IN 
PLANT  SPECIES  REVEGETATTNG  BUPNEO  SURFACES?   IS  PRIMARY 
PROOUCTIVITY  DEPRESSED  OR  STIMULATEH  BY  FIp-^  HOW 
EXTENSIVELY  IS  THE  '^ATE  OF  NITPOGFN  CYCLING  ALTEPE^ 
FOLLCWING  FIRE?  A)  VOR^  OETAILEG  FXA'^INATION  oc  ^xyrMy 
TO  WHICH  NITROC^N  TRA NSPORMATION  FPOCESSES  ARE  ALTEPEC. 
NUTRIENTS 


702.   13    •355    TO  WHAT  EXTENT  DOES  FTRE  ALTEP  RATES  OF 

OfTCO'-'POSITION  OF  ORGANIC  HEARTS  nEPOSIT^n  ON  AND  IN 
SOIL  PROFILE?  A)  ASSOCIATED  EFFPCTS  ON  MICROBIAL 
POPULATIONS,  B)  ASSCCIATEO  EFP^^CTS  ON  INV^^RTE  BRflTE 
4NINAL  POPULATIONS 
0FCOMP0SITT0N,MICPOORGANISM, AfiTHRCFOOS 


THP 


703.   13    210    WHAT  ARE  THE  EFFECTS  OF  FIPP  ON  SOIL  ^OISTURE 
FLUXES  A,MO  THE  RELATIONSHIP  BETWEEN  THE'^E  mqISTUPE 
FLUXES  AMD  PLANT  DEVELOP»^ENT  AND  GROWTH?    <^OIL-WATER 
RELATIONS, V"GETATION, PRODUCTIVITY 

70£4.   13    ?1G    WHAT  IS  THE  I^'PACT  OF  FIRE  EXCLUSION  IN  THE  TAIGA 
ON  THE  "VOLUTION  OF  PLANTS  ANO  ANIMALS  AOAPTrn  TO 
PERIODIC  RUPNING?   SPECIFIC  EXAVPL^St  THF 
SEMI-SEROTIMOUS  CON^S  OF  BLACK  SPRUCE  (pICEA  ^apiAMa). 
GENETIC  PP SFONSt, FIRE  FPEOU-NCY , ORG  AN  ,FIRE  FycLUSTON 


705.   13    210    WHAT  IS  THE  ROLE  OF 
TAIGA  NUTRIENT  BALANCE'' 


FIRE  IN  THE  MAINTENANCE; 
NUTPI-^NTS 


THE 


706.   13    211    WHAT  IRE  THE  -FFECTS  OF  VARIOUS  INTENSITIES  OF 

BURNS  CN  THF  pERMA-FROST  REGIME?   WHAT  =^FFFCT,  IF  ANY, 
00  lUPNS  HAVE  ON  THE  WATER  pETENTIOM  CAPACITY  IN  A  GIV«"N 
WATERSHED  APEA?   WHAT  ARE  THE  CUMULATIVE  «^FFECTS  3F  SOIL 
EROSION  AFTEP  FIRE?    SOIL-WATER  p  EL  A  TIOMS  ,  SO  IL  ER0<=;T0N 


707.   13    212    HAS  FIRE  EXCLUSION  IN  CONIFEROUS  FORESTS  INCpEASEO 
SUSCEPTIBILITY  CF  POUGLAS  FIR  TUS?0'^<  ►'OTH  BY  ALLOWING 
INCR'TASE  IN  THE  TRU^  FIR  UNOERSTORY  COMPONENT?    FTPp 
EXCLUSION,  COMMUNITY,  INSECT,  SHRUB  L'NnrRSTORY  ,  CONIFEPfUS 
FOREST 


708.  13    212    HAS  SURFACE  FIRE  EXCLUSION  IN  CONIF<^R0US  FQOPsTS 

REDUCED  POPULATIONS  OF  INSECTS,  THAT  PARASITITE  OTHER 
INSECTS,  BY  ALTERING  THE  SPECIES  COf^POSITTON  OF 
FLOWERING  AND  FRUIT  BEARING  GROUND  COVER  IMPC^TANT  AS  A 
FOOD  SOURCE  FOR  ADULT  PARASITOIDS,  SUCH  AS  THE 
ICHhEUHONIDS?    GROUND  «^TRE,FIRE 
EKCLUSION,POPULATIO^,INSECT,PRCCATIOM♦SOECI'^S 
niVeRSITY,HER8AGE  UNDERSTORY 

709.  13    212    HAS  SURFACE  FIRE  EXCLUSION  IN  CONTFFPCUS  FO'^'^STS 

RESULTED  IN  AN  INCPEASE  IN  OOFULATICNS  OF  CONE  FFEPTNG 
INSECTS  SUCH  AS  CONCPHTHORUS  AND  OTHERS  THAT  SPEND  A 
PORTION  0«^  THEIR  LIFE  CYCLE  IK  THE  LITTER''    COUNO 
FIPEtFIRE  EXCLUS I  ON ♦POPUL AT  TON, INSECT, LITTER 

710.  13    215    HOW  LONG  DOES  IT  TA<E  FOR  ROOTING  SYSTEMS  TO  Rf^ 

REVITALIZED  FCLLOWING  FIRE  THUS  NEGATING  INITIAL  !^PCSTON 
ACCELERATION?    ROD  TS  ,  PPOOUC  TIVITY  ,  SOIL  EROSIO^! 

711.  13    215    WHAT  EFFECT  nCES  FIRE  HAVE  CN  ACCELEPAT£0  SURFACE 

EROSION  BY  DRY  CREEP  AND  RAVEL?   IN  THE    HUMID  CONIFEPOUS 
FOREST  AREAS  OF  THE  WESTERN  CASCADES  AND  COAST  RANGES'' 
IN  THE  SEMI-ARIO  REGIONS  EAST  OF  THE  CASCADES?   WHAT 
EFFECT  DOES  FIRE  HAVE  ON  MASS  SOIL  ♦^OVE^EMT''   IS  IT 
ACCELERATcO  IN  TERMS  OF  NUMBER  OF  LANDSLIDES  OR  PATE  OF 
CREE°  DEFOPMATICN?   WHAT  ARE  THESE  INCREASES  IN  TFRfS  OF 
N|UMn-ps  o£R  UNIT  AREA  OF  PATES  C<^  "MOVEMENT?   WHAT  TS  THE 
'PRINCIPAL  IMPACT  OF  FIRE  ON  SOIL  EROSION?   OESTPUCTION 
OF  SURFACE  COVER?   'I'ECAY  OF  ANCHORING  AND  PINDING  ROOTS 
FOLLOWING  DESTRUCTION  OF  SURFACE  PLANT?   DESSICATIOK? 
HYDROPHOBIC  LAYER  FORMATION?    SOIL  EROSION 

712.  13    217    AT  WHAT  FREQUENCY  CAN  FIRES  OCCUP  IN  ALASKAN 

FORESTS?   WHAT  ARE  THE  FACTORS  GOVERNING  FIR=-  FpEOUFNCY? 
FIRE  FREQUENCY, FIRE  BEHAVIOR, EXPERT^^ENT  OPIFNTED 
QUESTION 

713.  13    217    CAN  ASPEN,  WILLOW  (SALICACEAE,  IN  GENERAL)  REPLACE 

BLACK  SPRUCE  ON  FAVORABLE  SITES?   WHAT  CONDITIONS  flPE 
REQUIRED  (E.G.  FIRE  INTENSITY,  SEED  SOURCE,  SURFACE 
MOISTURE  CONDITIONS)?    COMPETITICN , SUCCESSION 

71it.   13    217    CERTAIN  SPECIES  (E.G.  CORYOALIS ,  GERANIUM)  WHICH 
HAVE  SEEDS  THAT  APPEAR  IMMOBILE,  FPEQUEMTLY  OCCUR 
ABUNDANTLY  FOLLOWING  FI^Et  WHEREAS,  THEY  WERE  anS-NT  TN 
THE  UNBURNEO  FOREST.   WHAT  TS  THE  SEED  SOURCF  FOP  THES- 
SPECIES;  SEED  STORED  IN  ORGANIC  LAYERS  OF  SOIL,  OP  SEED 
TRANSPORTED  BY  S^^ALL  MAMm^lS?    SEE" 


715.   13 


217 


HOW  LONG  IS  THE  REGENERATION  PERIOD  FO"  IMTEPIQc 


ALASKA  "LACK   SPRUCE  STANDS  FCLLOWING  FI^E?   WHAT  IS  THE 
Ri^LATIONSHlP  TO  FIRE  INTENSITY?   RELATIONSHIo  TO  SURFACE 
MOISTUR'  CONDITIONS?    R- PRODUCTION, SUCCESS  ION, FIRE 
INTENSITY, SOIL-WATER  RELATIONS 


716.   13    217    WHAT  ARE  THE  BIOLOGICAL  AND  ABIOTIC  SIMILARITIES 
AMD  DIFFERENCES  BETWEEN  FIRE  AND  DIFFERENT  TYPES  OF 
MAN-MADE  DISTURBANCES?   WHAT  HAN-CAUSED  DISTUPBANCES 
CREATE  CONDITIONS  MCST  SIMILAR  TO  THOSE  CREATED  BY  FIPE, 
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AND  CAN  THESE  CISTIic>P ANCES  nr  uSEC  TO  R'^PLACE  FTPF  IN 
AREAS  WHERE  FIRE  FXCLUSTON  MUST  BE  PRACTICEn  (RELATING 
PRIMARILY  TO  ALASKA)?    MANIPLLATICK  COMPARISON 

717.  13    ?17    WHAT  IS  THE  RELATIONSHIP  CF  WHITE  S^PUCE  TO  FIPE 

IN  INTERIOR  ALASKA?   HAS  THIS  FOREST  Tvp:^  INCREASED  0" 
lECREASED  AS  A  RESULT  OF  FIP£?    EXPERIMENT  OPIENTEP 
QUESTION, PPQOUCTI VI  TV 

718.  13    ?9i4    IN  A  nuPN,  THERE  ARE  OFTr^  DUTCHES  QF  FOPEST 

'JNBURNEO.   THESE  UNRURNEO  APEAS  APPEAR  TO  OCCUR  IN  A 
p.ANHOM  PATTERN  WITHOUT  REGARD  TC  SLOPE,  ASP«^CT,  SOIL  OP 
MOISTURE  OIFFEPENCE"^.   IS  THERE  A  FACTOR  IN  THE 
ECOSYSTEM  OF  THE  UNPURNEO  AREA  THAT  RESULTS  IN  ITS  NOT 
BURNING  WHEN  "Slf^ILAR  APPEARING"  AOJACENT  FOREST  HAS 
TURNED?    FIRE  f^EHAVIOP 


719.   13 


72  0.   13 


721.   13 


57U    WHAT  ARE  THE  '^FFFCTS  OF  FlOf  CN  SOIL  AMD 
VEGETATIVE  COMPOSITION  AFTER  PEPEATPO  RURNS  ON  THE  KENAI 
PENINSULA  -  PARTICULARLY  IN  RELATION  TO  RE- - S T A ^L TSMMENT 
OF  MOOSE  RROWSE?    WILOL IFE  ,  FTPg 
EFFECTS,SCIL,SWRUBLANO,TAIGA 


THE 


'ATES  AND  STAGES  OF  SUCC^SSIONAL 

i    FIRE  IN  PLACK  SPRUCE  FOREST?  CAN  WE 


711  WHAT  ARE  .  _ 

CHANGES  WHICH  FOLLOW  FIRE  ...  .,  -,  _  .  . 

DEVISE  TECHNIQUES  TO  SPEED  OR  RETARD  THESE  SUCCESSI^NAL 
STAGES  TO  SUIT  OFSTPEO  MANAGEMENT  OPJECTIVES? 
SUCCESSION, FIRr  EFFECTS , CONIFEROUS  FOPEST 

712  WE  NEED  THE  ApILITY  TO  ACCURATELY  PRFf^ICT 
VEGETATIVE  "RESPONSE  TO  nUPN"^,  INCLUniKG  PRfc:rp  j  qjp 
TURNS.   ALSO  NEED  TMP  APILITv  JC  CONTROL  OR  REGULAT"^ 
VEGETATIVE  COVER  OF  S°ECIFir  AREAS,  ESPi^OIALLY  IN 
CERTAIN  KEY  WILDLIFE  APEAS.   WE  NEED  THE  ABILITY  TO 
CREATE  A  FAVORAPL"  VEGETATIVE  RESPONSE  ^OR  RROWS^ 
CONSUMING  WILCLIFF  S^'ECI'S.   WE  NEED  THE  APILTTY  TO 
CONDUCT  "RESCPIPED  PURNS  ON  SELECTcn  LANDS  FOR  WILDLIFE 
ENHANCEMENT.    pRES^RIRED  FTRE, SHPU3L AND , Smput 
UNOrRSTORY,WILDLIFE,FIP^  EFTCCTS 


722.   13 
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723.   13    737    WHAT  TS  THE  IMPACT  OF  EXCLUCING  FIRE  IN  TNTERIO' 
ALASKA  ON  ANIMAL  AND  ^LAMT  EVOLUTION?    GENETIC 
RESPONSE, FIRE  EXCLUSI ON, TAIGA 

72't.   13    738    ARE  INSECT  OUTBREAKS,  FCLLOKING  FIRf^S,  NEC'^S'^ARY 
TO  MAINTAIN  8IR0LIFE  POPULATIONS  -  OR  EVEN  RZLATFO? 
INSECT, FIRE  EFFECTS, 8IP0 

725.  13    738    APE  THERE  KNOWN  ECOLOGICAL  F'^'^ECTS  OF  WEATWER 

MODIFICATION  IN  "ELATION  TO  FIi?£  MANAGEMENT?    GENERAL 
PIPE  MANAGEMENT, CLI^'ATE,HY^ROLOGY, LIGHTNING  EFFCCTS 

726.  13    738    AT  WHAT  BURN  INTENSITY,  OR  TEMPERATUPE,  WILL 

ASPEN,  BIRCH,  AND  WILLOW  SEED  BE  KILL^'D?  HOW  LONG  WILL 
HARDWOOn  SEEDS  REMAIN  VIABLE  IN  DUFF  OR  IN  nuR  CASE  Tme 
ALASKA  VEGETATIVE  MAT?    SEED, FIRE  EFFECTS, HEAT 
EFFECTS, OECinUOUS  FOREST 

727.  13    738    00  FOREST  FIRES  IN  ALASKA  INCREASE  FINE  FUELS  0" 

DECREASE  FINE  FUELS  AND  WHAT  HAodENS  TO  SUBSEOUENT 
HAZARD  AND  RISK  POTENTIALS?    EIRE  EFFECTS, FUEL 
REDUCTION,  FLAHMABILITY,FnEL/3I0»^ASS  ACCUMULATION 

728.  13    738    IS  MORE  PROTEIN  PRODUCED  PER  ACRE  (ALSO  FORAGE) 

AFTER  FIRE?  AT  BASE-YEAR  LEVEL?  AT  THE  ^-YEAP  LFVEL?  A^ 
THE  5C  YEAR  LEVEL?  SHRUBL  AND,  WIL^^LI  FE,  GAME  ANIMAL, FIRE 
EFFECTStTAIG A, TUNDRA 

729.  13    738    IS  THERE  A  DEFINABLE  STATISTICAL  DIFFERENCE  IN 

ECOLOGICAL  EFFECT  BETWEEN  NATUPALLY  (LIGHTNING)  CAUSED 
AND  MAN-CAUSED  FIRES?    LI GHTNTNG-C AUSEH  FIRE , MAN-CAUSED 
FIRE, FIRE  EFFECTS 

730.  13    738    IT  APPEARS  THERE  IS  A  DECIDEDLY  DIFFERENT 

LONG-TERM  EFFECT  ON  A  TUND«?A  AREA  BURNED  DUPING  THE  LOW 
WATER  TABLE  YEARS  THAN  THE  WETTER  YEARS,  EVf^N  THOUGH  THE 
INITIAL  REt'OVAL  OF  THE  TREES  BY  FIRE  MAK«^S  BOTH  A'^'^A^ 
LOOK  THE  SAME  IMMEDIATELY  AFTER  THE  FIRE.    FIRE 
EFFECTS, SOIL- WATER  RE L A TTONS, TUNDP A 

731.  13 


732,  13    738    WHAT  TS  THE  EFFECT  OF  FIRE,  WILDFIR'^  OR  PLANN^^D 

BURNING,  ON  SONG  BIRD  POPUL  A  T  lOK  S"*   WHEN  WILL  *^ONG  PIPDS 
RETURN  TO  A  BURN  FOP  Nt^STING,  SEARCHING  FOR  FOOD,  ETC.? 
BIRO, ANIMAL  BEHAVIOR, FIRE  EFFECTS 

733.  13    738    WHAT  IS  THE  EFFECT  ON  THE  ENVIRONMENT  OF  niFFrprMT 

SNAG  DENSITIES  ON  THE  M<^LTTNG  OF  THE  SNOW  PACK  IN 
SPRING?   APTER  5  YEARS?  AFTER  50  YEARS?    SNAG, PIPE 
EFFECTS, SNOW, MICROCLIMATE 
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735.   1^ 


736.   lU 


738    WHAT  IS  THE  NORMAL  PLANT  SUCCESSION  AFTEP  FIR«^  IN 
TAIGA,  TUNORA,  ETC.,  TYOES  ON  VARIOUS  SOILS?   WHAT  IS 
MORTAL  PLANT  SUCCESSION  WITHOUT  FIR^S?  WHAT  IS  THt 
YEAR  IMPACT  ON  WILDLIFE  FROM  BURNS  IN  THESE  A^^EAS? 
IS  THF  23-50  YEAR  IMPACT?   IS  THF  INITIAL  LOSS  0^ 
HABITAT  NECESSARY  TC  SUSTAIN  THE  50-YEAR  HABITAT? 


"ASE 
WHAT 


FIRE 


EF FEC TS,  T A  IGA, TUNOR A, SUCCESS  I CN, WILDLIFE, FIRE  EXCLUSION 


IN 


f^URNING  ENHANCE  THOSE  FACTORS 

NUTRITION  WHICH  CREATE  MORE 
UNGULATFS,  E.G.  MOOSF, 
CAPTTOU,  ELK,  ^ULE  HEER?  CAN  PURNTNG  ENHANCE  THE 

RANGE,  E.G.  <^NOW 


30fl    CAN  PRESCRTBEC 
DLANT  SUCCESSION  AND  ^LANT 
f^AVO^ARLE  WINTER  PAKGE  FOR 


f;A'-'l-nU,  ELK,  WULL  n:i-R?  CAN  PUKF 
PHYSICAL  SUITABILITY  OF  WINTER  R/ 
DISTRIBUTION  ANC  CENSITY?    GAME 
ANIMAL, SUCCESSION, NUTPIENTS 

309    HOW  no  FIRE  ALTERE^^  ENVIRONMENTS,  ESPECIALLY  THE 
SI7F  OF  A  BURN,  AFFECT  THE  SPECIE*"  ANC  DEMSITIES  OF 
BIROS  AND  MAMMALS  THAT  OCCUR  ON  A  BURN''    AP^IA 
SIZE,SP:CIES  diversity, biro, small  MAMMAL, game  ANIf^AL 


737.  It*  309    WHAT  IS  THE  ROLE  OF  BIROS  AND  MAMMALS  IN 

OREDISPOSING  FORESTS  TO  FIRE  ANO  SHAPING  THE  GROWTH 
NEW  FORESTS  AFTER  A  FIRE?    BIRD, SMALL  MaMM/\L 


n^ 


738.  Ik  310    CAN  SIMPLE  TECHNIQUES  USING  AERIAL  PHOTOGPAPHY  BT 

GEVELOPEO  TO  ASSESS  THE  VALUE  OF  FI^E  SERES  FOR  MATTVE 
UNGULATE  ANO  DO^^ESTTC  UNGULATE  pANC^^S  IN  NORTH  CENTPAL 
BRITISH  COLUMBIA?    GAMc  ANT MAL , EXPERIMENT  ORIENTED 
QUESTION 


739.  Ik  310    WHY  CO  MOOSE  IN  NORTHERN 

"lATURE  FOREST  FROM  FOREST  FIRE 
FEBRUARY?    GAME  ANIMAL 


BRITISH  COLUMf>IA  MOV^  TO 
SERES  IN  JANUARY  AND 


7tfO.  Ik  311    HOW  IS  ARBOREAL  LICHEN  FRCDUCTIVTTY  INtlu^NCFO  "Y 

FIRES  Of"    DIFFERENT  INTENSITY  AND  FR^^QUENCY''   THIS 
QUESTION  IS  PERTINENT  SINCE  CURRENT  RESEARCH 
DEMCNSTRATES  ARBOREAL  LICHENS  TC  CC^ORISE  A  SIGNIFICANT 
PORTION  OF  DEER  AND  ROOSEVELT  ELK  WINTER  DIETS.   THE 
QUESTION  THUS  COULD  BE  '^ORE  BROADLY  PHRASED  TQ  A^K  "HOW 
QO  FIRE  INTENSITY  AND  FREOUENCV  INFLUENCE  DEER  AND  FLK 
WINT'^'R  RANGF  THROUGH  THEIR  INFLUENCES  ON  ARBOR'^AL 
LICHEN''"  FIPES  CP  RELATIVELY  LIGHT  INTENSITY  MAY  ^F 
CRITICAL  UNDER  SOME  CONDITIONS  WHEN  LICHEN*^  ARE 
EXTREMELY  FLAMMABLE.   I  HAVE  A  POCR  FEELTNG  FOR  THE 
FREQUENCY  OF  LIGHT  FIRES  IN  BOR'^AL  OR  COASTAL  FORESTS. 
EPIPHYTE, FIPE  INTENSITY, FIRE  FPEQ tENC Y, G AME  ANIMAL 

7t*l.   la    311    IN  THF  PACIFIC  NOPTHWESTt  WHICH  IMPORTANT  WILDLIFE 
FORAGE  SPECIES,  IF  ANY,  ROOT  SP'OUT  OR  CROWN  SPROU^ 
AFTER  FIRES  OF  SEARING  INTENSITI-S,  E.G.  GAULTHFPIA 
SHALLON,  VACCINIUM  SP".?   ARE  ANY  OF  THESE  SD-PIES 
ENCOURAGED  BY  FIRE  OTHER  THAN  THROUGH  OPENING  OF  THF 
FOREST  CANC°Y?    FIRE  INTENSI TY , ppppO OUCTION, SHPUB 
UNOFRSTORY 


7i»2.  ik  Zlk  DOES  SLASH  BURNING  REALLY  PREVENT  LONG-T'^'RM 

BUILD-UP  OF  FOREST  FLOOR  FUELS  IN  A  MANAGED  FOREST'' 
FUEL  REDUCTION, FUEL/BIOMASS  ACCUMULATION 
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7U3.   l**    31«»    HOW  DOES  FIRE  AFFECT  INFILTRATION  RM^S'' 
SOIL-WATER  RELATIONS 

7kk,       Ih  71<+    HOW  DOES  THE  HICROCLIMATE  OF  A  FOR^^ST  RURNT  py 

WILDFIRE  COMPARE  WITH  THAT  OF  A  CLEARCUT  WHICH  HAS  "EEN 
SLASH9URNE0?   WHAT  EFFECT  DOES  ANY  OIFFERENCE  HAVE  ON 
ARTIFICIAL  OR  NATURAL  REGENERATION? 
MICROCLIMATE, FEPRODUCT ION, H ANI^UL ATION  COMPARISON 

7t*5.   !«♦    Mt*  HOW  EXTENSIVE  IS  HY0R0PH09I  CITY  GENERATED  RY  Flpr? 

UNDER  WHAT  CONDITIONS  DOES  IT  OCCUR?   HOW  LONG  DOES  IT 
LAST?   WHAT  LEADS  TO  ITS  R£'?UCTION  OVER  TIME? 
SOIL-WATER  RELATIONS 

7kh,       m  31t*    TO  WHAT  EXTENT  ARE  DIFFERENT  NUTRIENTS  LOST  HY 

VOLATILIZATION  AND  FLYASH  DURING  WILD  OR  PRESCRITED 
•^IPE?    NUTRIENTS 

71*7.       14    31«»    TO  WHAT  EXTENT  CAN  FIRE  RESULT  IN  S'RAL 

MICROCLIMATE  TEING  OUT  OF  PHASE  WITH  SERAL  HUMUS 
CONDITION?    h<ICRCCLIHATE,OUFF,TTMNG 

7kS,       !<♦    31«»    TO  WHAT  EXTENT  DOES  FIRE  REDUCE  ALLELOOATHir 

SUBSTANCES  OF  MATERIALS  INHiniTTNG  SEED  GERMINATION  IN 
THE  FOREST  FLOOR?    ALLELOPATHY ,SEFP 

7i+9.  Ik  31<»    WHAT  IS  THE  EFFECT  OF  FIRE  ON  SEED  EATING  "ODENTS? 

SMALL  MAMMAL, SEED 

750.  m         ^19    WHAT  IS  THE  NATURAL  FPEGUENCY  OF  WILOFIP^s  AS 

REFLECTED  IN  THE  DISTRIBUTION  OF  AGE  CLASSES  IN 
PRE-SETTLEMENT  FOREST  COVER''   CAN  THE  FVIDENC^  0^^ 
CLIMATIC  VAPIATTONS  WHICH  IS  SHCWN  IN  TREE  PINGS  (WIDTHS 
OF,  AND  SPECIFIC  GRAVITY  PATTERNS  WITHIN  EARLYWOOD  AND 
LATEWOOD)  BE  RELATED  TO  AGE  STRUCTURE  OF  MATURE  FCPESTS 
TO  INDICATE  PROEABLE  PAST  FIRE  DISTURBANCE  °ATTERNS? 
EXPERIMENT  ORIENTED  QUESTION, FIRE  FREOUENCY 

751.  Ik  33?    IS  FIRE  EXCLUSION  LIKELY  TO  PRESERVE 

INSECT-INFESTED  OR  01 SEASE-INFESTFD  RESIDUAL  TRE»"S  WHICH 
WILL  FOR^^  A  SOURCE  OF  INFECTION  TO  THE  SUCCEEDING  STAND? 
IS  FIRE  EXCLUSION  LIKELY  TO  ENHANCE  THE  ACCUMULATION  OF 
DISEASE  INOCULUM  AND  INSECT  POPULATIONS?    FIRE 
EXCLUSION, INSECT, DISEASE 

752.  1«*    332    WHAT  EFFECT  DOES  SMOKE  HAVE  ON  THE  VIABILITY  CF 

AIR-nORNE  INSECT  AND  SPORE  POPULATIONS?    SMOKE 
EFFECTS, IN  SFCT,OISEAS'^, POPULATION 

753.  lU 


75i*.   It,    332    WHAT  WILL  BE  THE  EFFECTS  OF  CONTROLLED  BURNING  ON 

STEM  DECAY  AND  ROOT  RCT  DUE  TO  FUNGI  GAINING  ENTPY  TO 

THE  FREE  THROUGH  FIRE  SCARS'*  PRESCRIPED 
FIRE,'^UNGUS,DIS'=^ASE,STEM,POOTS 
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755.  It*         13k  AT  WHAT  FREQUENCY  AND  VAPIOUS  FIRE  INTENSITIES  CAN 

ANY  FOREST  ECOSYSTEM  9E  TUPMED  WITHOUT  DEGPAOTMG  THE 
SITI  BEYOND  WHAT  IT  STARTED  OUT  100  YEARS  PREVIOUS? 
»^IRE  FREQUENCY, SUCC<^SSION»PROOUCTIVITY, FIRE  INTENSITY 

756.  l«i    33<»    CCNSinER  EACH  CLIMAX  FOREST  TYPr»  DOES  TH£ 

REPEATEH  RURNING  OF  A  pR'CLIKAX  FOREST  SYSTEM  CAUSE 
CONTINUED  PSDUCTIGN  OF  THE  NUTRIENT  3ANK?   IF  YES,  HOW 
MUCH  OF  A  NUTRIENT  RFDUCTIOK,  ANO  WHAT  FTPF  F^EOUENCY, 
MUST  OCCUO  TO  KFEP  THE  SYSTEM  AT  EACH  SERAL  STAGE 
(CONSIDER  ALL  STRATA  OF  THE  FOREST  SYSTEMS 
NUTRIENTS,  SUCCESSIO  N,  FIRE  Ff'EQUrNCY 

757.  Ik  33«*    DESCRISE  THE  MOVEMENT  OF  VICPONUTRIENTS  AFTER  FIRr 

IN  ALL  SOIL  TYPES,  AT  ALL  ELEVATIONS,  ON  ALL  ASPECTS  AND 
AT  ALL  SLOPE  ANGLES.    NUTRIENTS , SOIL 

758.  Ik  33U    HOW  MANY  100  YEAR  POTATION'S  OF  LOGGING  ANO  SLASH 

BURNING  CAN  EACH  FOREST  TYPE  HAVE  WITHOUT  OEGRAOIKG  THE 
SITE  BEYONC  WHAT  IT  STARTEP  OUT  i  g  (3  YEARS  P^'^VTOMS? 
FUEL  REnUCTION,FIPE  FREQUENCY  ,P''ODUCTI  VI  TY,  FIPE 
INTENSITY 

759.  l'*    131*         HOW  fUCH  ORGANIC  SOIL  REDUCTION  WILL  RESULT  F^OM 

FIRFS  BURNING  THROUGH  VARIOUS  FUEL  OOMPLEVES  TN  R'^LATTON 
TO  CODES  OF  THE  NATIONAL  FIRE  WEATHEP  INDEX?    FUEL 
REDUCTION, SOIL 

760.  Itf    33k  THE  INTENSE  HEAT  OF  SOME  FOREST  FIRES  CAUSES  SOME 

ROCK  TO  SCALE  AND  COACK:  THE  ASH  LEFT  ON  SOMt  oocK 
REACTS  WITH  COMPOUNCS  AND  Rs^SULTS  IN  ACCELERATED 
DECOMPOSITION.  WHAT  IS  THE  RATE  OF  ROCK  DECOMPOSITION 
AFTER  FIRES  OF  VARIOUS  INTENSITIES  ANC  VARIOUS 
FREQUENCIES?    HEAT  EFFECTS, FIRE 
INTENSITY, POCK, NUTRIENTS, ASH 

« 

761.  !*♦    33k  WHAT  ARE  THE  BENEFICIAL  EFFECTS  OF  FIRf  BURNING  ON 

RIDG~S,  MOUNTAIN  TOPS  AND  SIC^  HILLS  IN  RELATION  TO 
AGRICULTURE  LANDS  DOWN  SLOPE?    MOSAIC , ZONATI CN .ECONOMIC 
EFFECTS 

762.  Ik  3Zk  WHAT  IS  THE  RELATIONSHIP  BETWEEN  ENERGY  RELEASE 

RATE  PER  AREA  AND  NUTRIENT  LOSS  INTO  THE  SMOKE  COLUMN? 
WHAT  ARE  THE  LOSS  RATES  OF  NUTRIENTS  FROM  THE  TOTAL 
NUTRIENT  BANK  DURING  FIRES  OF  VARIOUS  ENERGY  pELEAS"^ 
PATES  PER  AREA?   WHAT  MICRONUTRIE NTS  ARE  CARRIED  INTO 
THP;  SMOKE  COLUMN?   HOW  FAR  ARE  NUTRIENTS  CARRIED  py 
SMOKE  UNDER  VAPIOUS  ATNOSPHFRIC  CONCITIOM^? 
NUTRIENTS, SMOKE  EFFECTS, FIRE  INTENSTT Y, 01 SPERSTON 

763.  l**    33'*    WHAT  PERCENTAGE  OP  THE  TOTAL  NUTRIENT  BANK  IS  MADE 

AVAILIRLE  TO  PLANTS  AFTER  FIRES  OF  DIFFERENT 

INTENSITIES,  ANf^  FUEL  LOADINGS? 

NUTRIENTS, VEGETATION, FIPE  T NTENSI T Y ,FUFL/PIOM ASS 

ACCUMULATION 
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7bk,       Ik  3Zi*         WHAT  OERCENTAGE  OF  THE  TOTAL  NUTRIENT  BANK  IS 

TIED-UP  BY  MICROBES  ANO  FUNGAL  ACTIVITY  AFTER  FIPES  OF 
DIFFERENT  INTENSITIES,  AND  FUEL  LOAriNGS? 
NUTRIENTS, MICROORGANISM, FIRE  INTENSITY, FUEL /B I OM ASS 
ACCUf'ULATTON 


765.   1^ 
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766.  Ik         336    IN  WHITE  OR  ENGELMANN  SPRUCE/ AL PINE  FIR  FORESTS  - 

PARTICULARLY  THOSF  WITH  SOILS  OF  RELATIVELY  LOW  NUTpI=="NT 
STATUS  -  WILL  SLASH  BURNING,  AFTER  LOGGING  FOR  HAZARO 
REDUCTION  OR  SITE  PREPARATION,  9FCUCE  THE  FERTILITY 
(PROOUCTIVITY)  OF  THE  SITE  AFTEP  SEVEPAL  ROTATIONS,  EVEN 
IF  NOT  DURING  THE  FIRST  POTATION  AFTER  LOGGING  THE 
MATURE  STAND?    NUTPIENTS, FIPF 
FREOUENCY, PPOOUCTIVITY, PRESCRIBED  FIRE, FUEL  PEOUriTON 

767.  l«f    336    IS  FIRE  LESS  CELETpRIOUS  THAN  CURRENT  FORMS  OF 

MECHANICAL  SITE  ''REt^ARATION  FOR  HAZARD  REDUPTION  OP  SITc 
PREPARATION?    MANIPULATION  CCMPAR ISON,FUcL  REDUCTION 

768.  1(*  336    WHAT  IS  THE  EFFECT  ON  SUBSEQUENT  TREE  CROP 

PROnUCTIVITY-UP  TO  SEVERAL  GE  NEPA  T  lONS-OF  Ri^DUCTION  TN 
DEPTH  OF  THE  L-F-H  LAYFR  BY  BURNING  ON  VARIOUS  TYPES  OF 
SITES  -  NUTRIENT  POOP,  NUTRIENT  RICH,  SHALLOW  OF  DE"^P 
L-F-Ht  CONSEQUENTLY  ON  WHICH  SITES  CAN  WHAT  INTENSITY  OF 
PRESCRIBED  BURNING  PE  pECOMMENOFD? 
LI  TIER, NUTRIENTS, FUEL  PFOUCTICN,FIPE 
FREQUENCY, PRODUCTIVITY 


769.  It*  33a    THE  NORTHERN  BQREAL  FOREST  AREAS  CHARAC  TEPI ZFC  BY 

CLAOCNIA  GROUND  COV^R  NORMALLY  EXPERIENCE  FEW  RELATIVELY 
SHOPT  PERIODS  CONDUOIVE  TO  FIRE  PROPAGATIONS.  TH"^  PAPTO 
RESPONSE  OF  FIRE-pELATED  NATURAL  PHENOMENA  WOULC  SEE*'  TO 
INDICATE  Tf-AT  RELATIVELY  FEW,  VERY  LA^GE  FIRES  APF  A 
NECESSARY  COMPONENT  OF  THE  NORTHERN  BOREAL  FOREST! 
CONSIDER-  A)  THE  RAPID  DRYING  OF  CLADONIA  MOSS  AND  TH^ 
MINIMAL  UPPER  PCRTICN  THAT  MUST  BE  AVAILABLE  ^o  SUPPORT 
COMBUSTION.  B)  THE  CONTINUOUS  NATURE  OF  THIS   FUEL  TYPE 
COMBINED  WITH  A  FULLY  INTEGPATEC  EXTREMELY  FLAMMABLE 
(SPRUCE-FIR)  AERIAL  FUEL  COMPONENT  THAT  PROVIDES  RAPID 
TRANSITION  TO  THE  CROWNING  STAGF  IN  A  FUEL  TYPE  (TRUE 
FIR)  NOTED  FOR  FIRE  BRAND  INITIATION.   THE  EASE  0"^ 
CLAOCNIA  MOSS  IGNITION,  ENSURES  A  HIGH  IGNITION 
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ORORABILITY  UPON  CONTACT.  0)  THE  COTNf^IDENC^  0*^  WEATHER 
SYSTE^^S  (HUDSON  BAY  HIGH)  THAT  INVOLVE  A  COMBINATIOh  OP 
SUSTAINEO  HIGH  WINDS  AND  SEVERE  OKYING  THAT  roiNCIOE 
WITH  A  PERIOn  WHEN  FOLIAR  FLUSHING,  AND  FR07rM  SOTLS  Mfly 
RESULT  IN  SEVERE  OEPRPSSTON  OF  FOLIAR  MOISTURE  CONTENT. 
THE  GOMqiNATICN  OF  WEATHER  AND  THE  PECULIARITIES  OF  THE 
FUEL  COMPLEX  INDICATE  A  NATURAL  SYSTEM  THAT  INSURES 
MAXIMUM  BURNED  AREA  IN  the  SHORT  TIME  AVAILAf^LF,   IF 
THESE  CIRCUMSTANCES  ARE  NOT  CCINCIOENTAL  THt^N  THE  VERY 
COSTLY  FIRE  CONTROL  EFFCRT  ON  NATURAL  CAUSED  FiRcc  must 
IE    DETRIMENTAL  TO  THIS  ECOSYSTE''  AND  THE  CLAOOMIA  MCSS 
COMMUNITIES.   WHAT  THEN  IS  THE  RELATIONSHIP  RETWE^^N 
CLADCNIA  COMMUNITIES,  CARIBOU  AND  FIRF?    CUSHION 
PLANTS, FIRE  9EH AVI  OR, ARE  A  STZE,CPCWN 

BURN, CLIMATE, SOIL-WATER  RELATIONS , FIRE  -XCLUS TON, CAME 
ANIMAL 

770.  I'*    7S8    WHAT  ARE  THE  EFFFCTS  OF  c«URNTNG  A  CLIMAX  FOREST  AS 

COMPARED  TO  A  SECOND  GROWTH  FOREST  OR  A  LOGGED-OVER 
CLEARCUT  IN  TERMS  OF  RESULTING  PLANT  COMMUNITIES  ANT 
SOIL  DEVELOPMENT?   TO  WHAT  EXTENT  00  FIRES  BURN  TN 
CLI^^AX  FORESTS  WITHOUT  ALTEPING  THE  BASIC  CHARACTER  OF 
THE  FQRcsT?   IN  OTHER  WO^DS  CAN  A  FIRE  PURN  IN  A  ^Hjijor 
FOREST  WITHOUT  DESTROYING  THAT  fqrEST?    FIRC" 
EFFECTS, SUCCESSION, MANIPULATION  COMPA  PTS ON, COMMUNITY 

771.  lU  7<^f\  WHAT  ARE  THE  EFFECTS  OF  TIMING  (SEASON)  ANH  FIPE 

INTENSITY,  ON  THE  SUCCESSIONAL  STAGES  THAT  DEVELOP  AFTER 
A  FOREST  FIRE?   WE  ARE  CONCERNED  KITH  DOUGLAS-FIR 
FORESTS  BUT  ALSO  TO  A  LESSER  DEGPEE  PONDEKOSA  PINE 
FORESTS,  WESTERN  LARCH  FORESTS,  SFRLCE  AND  FIR  FORESTS. 
THE  REASON  FOR  THIS  OUESTIOK  IS  IK  SOME  AREAS  A 
DOUGLAS-FIR  FOREST  REGENERATES  TO  LOOGEPQLE  PINE  CP  TO 
ASPEN  OR  TO  WILLOW.   WHAT  CAUSES  THESE  DIFFERENT  SERAL 
COMMUNITIES?   IS  IT  FIRE  INTENSITY,  SEASON  OF  THE  BURN, 
SOIL  CONniTION  OR  THE  TY^E  OF  FCPEST-*    FI^E 
INTENSITY, TIMING, SOIL, FIRE  EFFECTS , SUCCE SSI ON, CONIFEROUS 
FOREST 

772.  I'*    753    WHAT  ARE  THE  SIMILARITIFS  AND  OIFFCRfNCES  BETWEEN 

A  CLEARCUT  LOGGING  CPERATICN  AND  A  FOREST  FIRE  ON  ARt^flS 
OF  THE  SAME  SIZE?   WE  ARE  INTERESTED  TN  SOIL  "RCPERTIES 
SUCH  AS  MOISTURE  HOLDING  CAPACITY,  ORGANIC  -^ATTt^R, 
CARBCNtNITROGEN  RATIO,  CALCIUM t PHCSOHOROUS  pATTO, 
CHANGES  IN  THE  CHEMICAL  PROPERTIES  OF  STREAMS,  AND 
RESULTING  PLANT  COMMUNITY  DEVELOPMENT.    HU^AN 
DISTURBANCE, MANIPULATION  COMPARISCN,SOIL-WATFr 
RELATIONS,  COMPOUND  S,EL£MENTS,STREA*',  CONIFEROUS 
FOREST, FIRE  EFFECTS 

773.  Ik  758    WHAT  EFFECTS  CO  FOREST  FIRES  HAVE  ON  THE  CHEMICAL 

CONTENT  OF  STREAMS,  BOTH  IN  THE  APEA  OF  THE  FIPE  AND 
DOWNSTREAM?  WHAT  EFFECT  DO  FCREST  FT'ES  HAVE  ON  SEDTMENT 
DEPOSITS  IN  THE  STREAM?   CONSIDER  THINGS  SUCH  AS  FLY-ASH 
AND  SOIL.    STREAM, FIRE  EFFECTS , ASH ,S OIL  EROSION 

77k,  !*♦  759  CAN  GUIDELINES  AND  TECHNIQUES  ^E  C'EATEO  FOP 
CONTROLLED  BURNING  CF  NON-MERCHANTABLE  FORESTS  FOP 
WILDLIFE?    GENERAL  FIRE  MANAGEMENT , ANIMALS 
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775.  Ik 


759  HOW  CaN 
'^aiHOGtNS  AND 
FOOni,  INSECT 


FIRE  ELIMINATE,  OR  PRO'^'OTE.  ^OREST 
DESTRUCTIVE,  0^?  BENEFICIAL  (E.G.  FISH 
POPULATIONS?    ni  St^  AS  E,  INSECT,  POPULATION 


77f^.       11*  7=9    HOW  CO  DIFFERENT  INTENSITY  "URNS  AI^FECT  SOIL 

NUTPIENTS,  --.G.  WHAT  PTRCENTAGES  CF  MINERAL  "^OIL  ANO 
ORGANIC  HATTER  ARE  LOST?   WHAT  IS  THE  AFFECT  ON  GPPWING 
SITE?    FIRE  INTENSITY, NUTPTENTS, FUEL  RFOUC TI ON, SOIL 


777.  lU  759    HOW  CO  RECURRING  RURNS 

FREOUENCY,SEED,'?EPR0DUCTI0N 


AFFECT  SEED  SOURCE? 


FIRE 


77f^,       m  7^9  HOW  nOES  THE  rON^-UMPTICN  OF  FUELS  (E.G.  THMATtJP'^ 

CONIFERS  AFTER  SPRING  FLUSHING  VERSUS  nORMANT  OFCinuOUS 
VEGc'TATION  OR,  GREEN  SLASH  VERSUS  CURED  SLASH)  AFFFCT 
SOILS  AND  WATER  QUALITY?    FUEL 
REPUCTION, NUTRIENT S, SOIL, HY OR OLCGY 

779.  !<♦    759    UNDER  WHAT  CONDITIONS  CO  CONIFEROUS  STANDS  PUFN 

PUT  PFCIDUOUS  STANDS  NOT  IGNITE  (ANC  VICE  VE^'SA)'' 
FLANVASILITY,  CONIFEROUS  FOR'^ST,  CECIDUOUS  FOREST 

780.  Ik  759    WHAT  APE  THE  ECONOMICS  CF  "^IRE  SUPPR'=^^S  ION  IN 

NON-COH»^EPCIAL  STANDS:  RATING  PENEFITS  OF  SUPPRESSION 
VERSUS  BENEFIT  TO  WILDLIFE  GAINED  BY  L^^AVING  SUCH  FiRrs 
10  BURN?    ECONOMIC  EFFECTS, FIRE  E^CLUSI ON, ANIMAL S 


781.   Itf 


782.   11* 


783.   Ik 


759    WHAT  ARE  THE  EFFECTS  UPON  WATER  AND  SOIL,  OF 
DIFF-"EPENT  FIRE  SUPPPESSION  TFCHNinUES,  E.G.  PE'?HANENT 
PFTARDANT  APPLICATION?    CHEMICAL  't^TARDfVNT 
FFFFGTS,NUTPIENTS,SOTL 

759    WHAT  ARE  THE  I^'MEDIATE  ANC  LONG  TERK  IMPACTS  UPON 
WATER  QUALITY  FROM  DIFFEPENT  INTENSITY  PURNS,  ESPECIALLY 
FROM  HOT  PUPNS  ADJACENT  TO  WATER  PODTES? 
AOUATIC,NUTPIENTS,HYOROLOGY,EIRE  IKTEMSI T Y, AR EA 
SIZE, MOSAIC 

7^59    WHAT  DEER  AND  ^'OOSE  PROWS --SPEC  lES  PEGFNEpAIE  BEST 
a'^T7»  burning:  how  does  THE  INTENSITY  OF  ^U^N  AFPFPT 
REGENERATION?    FiRf  I NTENSI TY, G AHP 
ANIMAL,REPP00UCTIOW,H£RPIV0RY 


78'+.  Ik         759    WHAT  INTENSITIES  OF  GROUND-FIRE  CAN  RE  TDLF.FATED 
BY  riFFERENT  UNDEPSTORY  AND  CVERSTOPY  SPECIES''    FIpf 
INTfNSITY, HERBAGE  UNDEPSTORY , SHRUP  UN PFPSTOPY , CONIFcrqUS 
FOREST, GROUND  FIRE 


785.   1^ 


786.  Ik 


7%7,       Ik 


762  DOES  ASH  IN  CREEK 
OR  NEGATIVE  EFFECT  UPON 
EFFccTS, STREAM, LAKE 


AND  POND  BCTTO'^S 
INVERTEBRAT'^S'' 


HAVE  A  POSITIVE 
ASH, FIRE 


762    HOW  FAR  DOWNSTREAM  ODES  THE  C APRONIFEPOUS 
MATERIAL  TRAVEL?   IS  THIS  OISTANCP  A  FUCTION  OF 
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WASTE 

TIM; 


GRADIENT,  TEM  FERAT I  t'RE?  IN  A  V/.    STREAM  CRAOIENT  WILL  THE 
nrSRIS  EFFECTS  BE  FFLT  DOWNSTREAM?   IF  SO,  HOW  FAR? 
WILL  IT  FLUSH  IN  ONE  VCAR?    STREAM , CHARC OA L, ASH, F IRE 
EFFECTS 

788.  I'*    767    CAN  ONE  PREDICT  POST-FIRE  SUCCESSION,  KNOWING 

ORIGINAL  VEGETATION  AND  CHAo ACTER TSTICS  OF  FIRE 
(INTENSITY,  ENERGY  ^ELEASEO,  TYPE,  '^TC.)'' 
SUCCESSION, FIRE  EFFECTS, FIRc  INTENS IT Y, F IRE  H^HAVIOP 

789.  1^    767    COULO  LCHGEPOLE  PINE  STANDS  "E  CONVEPTEO  TQ  "^CM"^ 

MORE  USEFUL  TYPE  OF  VEGETATION  "Y  REPEATED  RMRNTMG  AND 
RES^EHING?    FIRE  EFFECTS, FIRE  FREQUENCY , CONI FEROUS 
FOREST, HUMAN  niSTU°PANCE 


790.   l'* 


791.  Ih 


792.  11* 


767    DO  FIFES  CN  WETTER  TIMBER  SITES  LEAO  TO 
"ALUCIFICATION?    SCIL-WATEF  RELATIONS,  COMFEOOUS 
FOREST, FIRE  EF'^E<"TS 

767    COES  VEGFTATICN  Q^    POST-FIRE  COMMUNITIES  niFFFP 
FROP  PCST-LCGGING  COPMUNITIFS  WITH  PESP^CT  TO  CH-^-TCAL 
COMPOSITION  OF  THE  SAME  PLANT  S^^ECTES. 

SUCCESS  I  ON,  HUMAN  OISTURB  ANCE  ,  CO'^PCUNOS  ,  f^L  EVENTS  ,FIc>E 
EFFECTS, ALLELOPATHY 

757    HOW  HAS/DOES  FIRE  EXCLUSION  AFFECTED/ AFFECT  th^ 
SPECIES  COMPOSITION,  ABUNCANCf^,  AND  NUTRITIONAL  QUALITY 
OF  THE  UNOERSTCRY  OF  THE  DOUGLAS-FIR  7.Qn^_    IN  TNT^hlC 
IRITISH  COLUMBIA?   (WE  ARE  ESPECIALLY  CONCERNED  WITH 
WILLOW  AND  AMELANCHIER  SPECIES  WHICH  SEEM  TO  OETLINf^ 
TOTH  IN  QUALITY  AND  QUANTITY  WHEN  FIRE  IS  pxCLUDE^). 
PIPE  FYCLUSTON,  SHRUn  U^;OERSTC'^Y,  S  FECI  ES 
DIVERSITY, NUTRIENTS, DECIDUOUS  FOREST, CONI F£PQUS  FOPEST 


793.  1^  767  HOW  VARIABLE  IS  A  <^IRE  IN  IT<^  EFFECTS  ON  A 
RELATIVELY  HOMOGENECUS  A^EA?  FIFE  EFFECTS, FIOF 
nP^HAVIOR 


79*+.   It*    767    WHAT  ARE  ACTUAL  LOSSES  CF  WILDLIFE  r>UE  TO 
WHEN  CCNSIPERED  OV£P  LONG  TIME  PERIODS?    FIPE 
EFFECTS,  A NIf'AL  RFH  A  VIOR,  MORTALI  TY  ,  W  IL  HLTFE 


FIRi 


795.   !<♦    767    WHAT  APE  EFFrCTS  OF  FIRE  CN 
FIRE  EFFECTS, SOIL, MICROORGANISM 


SOIL  MICROORGANISMS? 


796.  Ik         767    WHAT  ftRE  LONG-TERM  CONSEOUPNCES  OF  REPEATED  FIRES 

O'^'  A  SITE,  I.E.  IS  A  SITE  PEGPAPEr,  IS  thprt  a  SPACING 
(TIMf^-WISE)  OF  FTPc^  THAT  IS  CPITICAL''   (THINKING  CF 
REPEATEDLY  PUPNEO  LCDGFOOLE  PINE  AREAS)    FIRf^ 
EFFECTS, TIKING, FIRE  FREQUENCY ,CCNIFrROUS  FOREST 

797.  l**    767    WHAT  ARE  ^AJOP  DIFf^ERPNCES  BETweIEN  PRESCRIBED  ANn 

'VILPFTDES?    PRlSCRIBED  FIRE  ,  MAN-CAUSED 
FIRF,LIGHTNING-CAUS'D  pTRE,FIR'e  cFF^^CTS 

798.  Ik  767    WHAT  ARE  THE  MECHANISMS  "^VOLV^D  PY  CONIFFpoUS 

FORESTS  TO  PRCTECT  THEMSELVES  AGAINST  FIRE?   HOW  ARE 
THESE  AFFECTED  f^Y  Ftre  EXCLUSION?    GENETIC 
RESPONSE, FIRE  EFFEC TS , FL AMM AB IL I T Y, FI "E 
EXCLUSION, CONIFEROUS  FOREST 
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799.   I'*    767    WHAT  ARE  THE  SPECIFIC  CHANGES  IN  SUSCEPTIBILITY  TO 
FIRr  WITH  AGING  OF  THE  FOREST  IN  VARIOUS  PLAMT 
ASSOCIATIONS?   THIS  IS  IMPORTANT  BECAUSE  WE  NEEO  TO  KNOW 
HOW  VULNERABLE  WILDLIFE  =>ESERV£  AREAS  WILL  RE.   TT  IS 
PERTINENT  TO  SELECTING  AREAS  fqR  CARTROU  WINTER  RANGE  TO 
BE  RESERVED  FROf'  LOGGING.    FLAPM  ABILITY  ,  AGEt  WTLDL  IFE 


800.  it* 


8C1.  11* 


802.  m 


803.  it* 


8Qi*,       ik 


805.  it* 


767    WHAT  A«E  THE  TOTAL  COSTS  OF  FIRE  FIGHTING  WITH 
niFf^ERENT  METHODS?   PULLnoZEO  FIREGUARDS  ARp  A  MAJOR 
CONT'^ieUTING  FACTOR  TO  ^POSION  IN  MANY  OF  OUR 
MOUNTAINOUS  AREAS.   THEY  CREATE  HIGH  SILT  LCAO"^  IN 
f^EEOER  STREAMS  AND  USUALLY  RETARO  SUCCESSION  TO  ITS  VEPY 
EARLIEST  STAGE.  AESTHETIC  LOSSES  APE  OFTEN  CONSIOFPAPLE 
lECAUSE  FIREGUARDS  ARE  CONSTRUCTEO  QUICKLY  TO  STOP  pIR'='S 
AND  NO  CONSIOEPATIOK  IS  GIVEN  TO  THE  EFF-CTS  OF 
LANDSCAPE  SCARRING.   IT  APPEARS  THAT  THERE  IS  A  GOOT 
OPPO'^TUNITY  TO  no  COST  BENEFIT  ANALYSES  HE^E  THAT  MAY 
LEAP  TO  MORE  SPARING  USE  OF  FIPEGUAROS  IN  CONTPOLLTNG 
FOREST  FTRES.    ECONO»-IC  EFFECTS, FIPF 
EXCLUSION, SUCCESS  I  OK, HUMAN  01 STURB ANCE, SOIL 
EROSION, AESTHETICS 


767    WHAT  WAS  THE  "NATURAL"  PATTERN  OF  FIRE  IN  \/APIOUS 
BIOGECCLTHATIC  ZONES  HAVING  CONIFEROUS  FORESTS''   IT  IS 
I?-^PCRTANT  TO  INVESTIGATE  THIS  VEPY  SOON  P-CAIISE  ^amv  of 
THESE  70NES  ARE  BEING  LOGGED  SC  QUICKLY  THAT  THE^^E  WON'T 
BE  ENOUGH  AREA  IN  WHICH  TO  WORK.    FIRE  HISTORY' , FIpf 
EFFECTS,MIC''OCLIMAT<-,HUMAN  OT  STUR^^  ANCE,  ^OSA  TC 

7f,7  WHAT  WOULD  OE  THE  ECOLCGIC  CONSEQUENCES  OF  TRVJNG 

TO  PERPETUATE  PECIOUOUS  SUB  CLIVAX  STANDS  IN  AN  AREA 
WHEFE  CONIFERS  MAKE  UP  THE  CLIMAX  FOPEST? 
SUCC-"SSION,nECICUOUS  FOPEST, CONIFEROUS  FO^^EST 

791    IN  BROADCAST  SLASH  BURNING  OF  HEAVY  PfSIOU'^S  SUCH 
AS  THOSE  ENCOLNTEPEC  IN  B.C.  INTERIOR  WET  BELT 
CEDAR-HEMLOCK  STANDS,  WHAT  IS  THE  EFFECT  ON  THE  PHYSICAL 
AND  CHEMICAL  PROPERTIES  OF  VARIOUS  SOILS  IN  RESPECT  TO 
SECURING  NATURAL  AN"  APTTFICIAL  CONIFEROUS  RFQENFR  A  TI  ON'' 
IS  TOO  MUCH  EMPHASIS  PLACED  ON  HA7APD  R'^nijrTlON  IN 
BROADCAST  SLASH  BURNING  RATHER  THAN  MAINTENANCE  OF 
AVAILABLE  NUTRIENT  FOR  FOREST  REGENERATION?   THIS 
APPLIES  TO  PRESCRIBFD  proADCAST  ''UPNING  ON  niFFERENT 
SITE  TYOES,  NOT  ONLY  CEDAR-HEMLCCK .    PRESCPIBED 
FIRE, FUEL  REDUCTION, SOIL, NUTRIENTS, CONIFEROUS 
FOREST, REPRODUCTION, FIRE  EFFECTS 

798    A  LARGE  PORTION  OF  THE  SURROUNDING  AREA  IS  OOVERED 
BY  PLACK  SPRUCE  GROWING  ON  '-"USKEG  SITES  OFTEN  ASS'^CIATFD 
WITH  PERMAFROST.  MUCH  O"^  THE  AREA  HAS  BEEN  RE^EATfOLY 
BURNED.   DOES  FPEQUENT  BURNING  CF  THIS  TY^E  OF  FOREST 
TEND  TO  PROLONG  THE  WET  STATE  BECAUSE  OF  T^E  LOSS  C«^  THE 
MOISTURE  REMOVING  EFFECTS  OF  TRANSPIRATION''   WOULD 
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LONG-TERf^  TOTAL  «^XCLUSION  OF  FIRE  F90M  RLACK  SPRUCF 
FORFST  CM  MUSKEG  SITES  WITH  PER^'AFPCST  Ti^NH  TO  PROMOTE 
HRYING  OF  THE  SITE  THROUGH  TNCRFASEO  TPANSPT R ATIOM  PY 
THE  ADDED  FOREST  COVER,  OR  WOULD  THE  RATE  OF  EVAPORATION 
FROr  THE  SAME  SITE  IN  A  FIRE-CENUCEH  STATE  EVCEEO 
MOISTURE  LOSS  ^^  Y  TRANSPIRATION?    FIRE  EXCLUS  ION,  ^I^F 
EF  FF.CTS,T  A  IG  A »  PERMAFROST,  SOIL-WATER 
RELATIONS,  t^IC  f^OCLI  MATE 

806.  l^*    799    CAN  PPESCRIREr  BURNING  RECUCE  WATER  EVAOORATION  BY 

TRE'^S,  ofti^TICULARLY  DECIHUOUS,  THEPERY  INCREASING  SUMMER 
WATT"  LEVELS?   IF  S^,  WHAT  WCULC  PE  THE  MAYTMUW  "E'^OVAL 
ALLOWED?    PRESCRIBED  FIOE, HYDROLOGY 

807.  it*  799    DEPENDENT  UPON  TImtpR  TYPES,  SOILS  ANn  SLOPES, 

SHOULD  AREAS  RECOMMENDED  FOR  SLASH  BURNING  RE  SUMMER  OR 
WINTER  LOGGED?    FUi^L  REOUCTI  CN,  TIMING 


808.  Ik 


799    DOES  A  BURNED  OPENING  IN  COMFFROUS  (^OPrST 
INCREASE  GOOD  GPASSES  FOR  RANGE  CATTLE,  OR  HOES  IT  hrinG 
ON  FAST  SPREADING  W^EDS?    AREA 
SIZE, SUCCESSION, COMPETITION 


809.   !«♦ 


799    DOES  SLASH  TURNING  CREATE  ASH  PROBLEMS 
IF  SO,  IS  THE  ASH  HARMFUL  TO  FISH?    FUEL 
REDUCTION, ASH, STREAM, FISH 


IN  STREAMS, 


810.   1^    799    DOES  THE  LIVING  FOREST  COMMUNITY  REQUIRE  A  FPEF 
RUNNING  GROUND  FIRE  IN  ORDER  TO  STAY  THRIFTY  AMD 
HEALTHY,  OR  IS  IT  ONLY  A  REDUCTIOK  IN  FIRE  HA7flRn?   IN 
SHOPT,  DOES  ONE  REASON  OUTWEIGH  THE  OTHER?    GOOUND 
FIRE, PRODUCTIVITY,  FUEL  REDUCTION 

311.  Ik  799    THE  EFFECTS  OF  SUMMER  VS.  WINTER  LOGGING  ON 

SCARIFICATION  AfJD  REGENE' ATI  C  N  ,  p  ARTICUL  ARILV  IN 
LOnCEPOLE  PINE  STANDS  WHERE  THEP£  IS  Oi^TEN  OMLV  2-k 
INCHES  OF  LIGHT  SOIL  ON  GRAVEL:   DOES  SUMMER  WM0L^-TP="E 
SKinntNG  CREATE  TOO  MUCH  OISTURBANC-  ON  THESE  LOPS'^ 
SOILS?   WE  HAVE  NOTFD  ON  SOME  HILLSIDES  TH;  T  THEP!^  IS 
THIN  SOIL.   SHOULD  THES?^  AREAS  BE  WINTER  LOGGE^?-- WI  Tm 
WHOLE  TREES  REMOVED  AND  TOPS  BUPNE"  AT  THf^  LANDINGS  WILL 
THERE  BE  SUFFICIENT  NUTRIENTS  LEFT  TO  BRING  THE  NEW  CROP 
TO  HARVEST  OR  WILL  IT  STAGNATE  AFTFP  20  OR  ?0 
YEARS?--SHOULC  THE  TOPS  BE  LEFT  AND  WALKED  OR  POLL«^r 
DOWN  WITH  HEAVY  EQUIPMENT?  WHAT  TYPE  OF  EOUTPMENT 
ACHIEVES  MAXIMUM  DESIRED  RESULTS''    EIRE 
INTENSITY, NUTRIENTS, PRODUCTIVITY, PRESCRIBED 
FIRE, ST  ABILITY, SOIL, RE PRODUCT  ION, MANIPULATION 
COMPARISON, FUEL  RE DUCTI ON , D ECCMPQS I TI CN 

812.  Ik  799    HOW  FAR  DOWNSTREAM  DO  LARGE  SLASH  BURNS  AFrcpT 

STR!^AMS  IN  SILTATION,  TEMPERATURES  AND  OTHERS  BEFORE  THE 
STREAMS  FILTEP  THEMSELVES  OUT?  IS  THERE  SUCH  A  THING  AS 
AN  OPTIMUM  SI7E  FOR  ANY  GIVEN  BURN  UNDER  VAOIOUS 
CONDITIONS?    AREA  SIZE ,  STRt^  A  H,  SO  IL  EROSION 


113.   1^+    799    HOW  LARGE  CAN  A  BURNED  OPENING  BE  BEi^ORE  THEP"^  TS 
ANY  SERIOUS  AFFECT  CN  THE  STREA*'  PLOW  AND  SURTERPANFflKj 
WATER  LEVELS  DUPING  RUN-OFF*^  AND  SU»^MER  DROUGHTS?    AREA 
SI7E,HYDP0L0GY 
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81'+.  I't  799  IN  FREE  PUNNING  GROUND  FIRESt  ARE  THERE  ANY 
BENEFICIAL  RESULTS  TO  FOREST  GROWTH?  EXPE»'IPENT 
ORIENTED  QUESTION, GROUNO  FIRE ♦PRODUCTIVITY 

815.  11*         799    IS  THERE  AN  INCREASE  OR  DECREASE  IN  SMALLER 

WILDLIFE  IN  2-^  YEARS  AFTE"  BURNIN(;  AS  AGAINST  THE  OTHER 
TREATMENTS?    ANIMALS tTlMI NG, POPUL A TI ON^PROGUCTIV ITY 

816.  1^    799    IS  THERE  ANY  APPRECIABLE  CHANGE  IN  N^W  CROPS  AS  TO 

HEALTH  AND  VIGOR  IN  BURNS  AS  COMPARED  TO  OTHFR 
TREATMENTS?   DO  BURNS  DESTROY  SOME  °ATHOLOGICAL  DISEASES 
AND  INCREASE  OTHERS?    OISEASF,  f^ANIPULAT  ION  COMPARISON 

817.  l**    799    ON  LIGHT  SOILS,  DOES  SLASH  BURNING  LEAVE 

SUFFICIENT  NUTRIENTS  TO  ALLOW  THE  NEXT  TREE  CROP  TO 
PRODUCE  niCHASS  AT  THE  SAME  RATE  AS  THE  HARVESTED  CROPS? 
FUEL  ReDUCTION,NUTRIENTS,REPROOUCTION,FUEL/BIO«ASS 
ACCUHULATICN 

818.  Ik         799    SHOULD  BURNED  OPENINGS  IN  CCNTFEROUS  FORESTS  OE 

SOWN  TO  GRASSES  IN  CRDER  TO  CURTAIL  AN  EVCESS  OF 
REGENERATION  IN  SOHE  PINE  AND  LARCH  AREAS? 
PLANTING, SOIL  EROSI CN, HYDROLOGY 

819.  I'*    799    SHOULD  INITIAL  PPfSCRIBED  BURNING  BE  AT  THE  HIGHC-R 

ELEVATION  FIRST,  TH^RtRY  PERHAOS  ALLOWING  TH£  LOWER 
COVER  TO  FILTER  OUT  FROSTON  AND  ABSORB  EXCESS  RUN-OFFS 
INTO  STREAKS?    PRESCRIBED  F IRE , ZCNATION, SOIL 
EROSION, STREAM 

820.  l^*    799    SHOULD  poESCRTBEO  CROWN-FIRE  AREAS  IN  MOUNTAINOUS 

TERRAIN  BE  CROSS  VALLEY  OR  PARALLEL?   SHOULD  THEY  BE 
CONTOUR  ON  HILLSIDES?   ALL  OF  THESE  OPENINGS   HAVE 
DECIDEDLY  DIFFERENT  IMPACTS  ON  STREAM  FLOW,  TEMPERATURE, 
SILTATION,  WILDLIFE  COVER  AMD  Ar'UATIC  LIFE.    PRESCRIBED 
FIRE,MOSAIC,TOPOGRAPHY,HYDROLCGY,NirROCLIMATE,ANIHALS,SO 
IL  EROSION 

821.  !«♦    799    WHAT  DIFFERENCE  IS  THERE  IN  DAY/NTGHT  HUMIDITIES 

AND  RECOVERY  BETWEEN  BURNED  OPENINGS  AND  ADJACENT  FCREST 
COVER?    MICROCLIMATE 

822.  Ik         799    WHAT  IS  THE  HEAT  INCREASE  IN  STREAM  TEM^ER'^  TURES 

AFTER  BURNING  OFF  COVER  TO  THE  BANK'S  AND  WHAT  WOUL^  PE 
THE  MAXIMUM  DISTANCE  ALLOWED  BEFORE  THIS  TA!<ES  PLACE? 
(STREAM  VOLU><E  AND  SPEED  OF  FLOW  WILL  ALSO  BE  DECIDING 
FACTORS  I    ST  RE AM, MICROCLIMATE, VEGETATION 

323.  Ik         799    WHAT  IS  THE  SUMMER  HEAT  INCREASE  ON  BLACKENED 

AREAS  AS  COMPARED  TO  UNBURNED  SLASH  AND  THE  BLOCKS  CF 
TIPPER  LEFT?   WHAT  ARE  THE  COMPARISONS  IN  HUMIDITIES,  IN 
WATER  LEVELS,  IN  NATURAL  REGENERATION,  IN  SNOW  y-lT* 
FUEL  REDUCTION, MANIPULATION 
COMPAR I  SO N,MICROCLINATE,RePROCUCT TON, HYDROLOGY 

82«t,   1^+    799    WITH  FRESCRIBEO  GROUNO  FIRE,  HOW  MUCH  MORTALTTY  IS 
THERE  ON  CONIFEROUS  SPECIES  AND  HOW  MANY  WILL  BECOME 
CAT-FACEO  AND  FIRE  SCARRED?   WHAT  IS  THE  RECOVERY  PERIOO 
IN  VARIOUS  TIMBER  TYPES?    EXPERIMENT  ORIENTED 
QUESTION, GROUND  EIR":^,  MORTALITY 
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125.       Ik 


826.       Ik 


827.       Ik 


799  WITH    SLASH    RIJRNIMG    AFTER    LOGGING,     IS    THERF    AN 

INCREASE    OR    DECREASE    IN    EROSION    AS    COMPARED    TO 
SCARIFICATION?         FIJFL    REOUCTI  CN,  MflNIoULATION 
COMPARISON, SOIL    EROSION, 


i 


=^C1  IS  SPOKE  AN  ECOLOGICAL 
ATMOSPHERIC  CCNOITION  IN  THE 
MICRCCLIMAT'^,  SHOKE  -FFECTS 


NECESSITY  FOR 
LONG  PULL? 


A  RALA^'CFn 


828.   !<♦ 
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E  t^ORtST  PISTRICT,  OVER  1,CQC 
0  IN  THE  TNCIPIEMT  STAGES.   WHILE 
N-CAUS=^D,  AKO  MOT  OAPT  OF  thF 
HTNING  FIRES  COULD  HAVE  RURNEC 
LEFT  ALCNE.   WHAT  EFFECTS  noES 
NIPULATTON  HAVE  ON  ALL  AS^FTTS  OF 

SMOKE  AK'D  ASH  NUTC'IENTS  LOST'' 
EPLACTNG  OECAOENT  STANDS  AND  SOIL 
HEO  THROUGH  NATURAL  CPOP 

SCARCITY  OF  npOWSE  FOR  UNGULATE 
N,FIRP 
ENTS,  ASH,  SUCCESS  ION,  Sf^ECTES 


829.  15    32C    WHAT  ARE  THE  LONG  AND  SHORT-TFR.l  EFFECTS  CF  FrprsT 

FIR-^S  ON  THE  NUTRIE^T  LEVELS  IN  MOUNTAIN  LAKES'*  IS 
t'ROPUCTlVITY  AFFECT-0  SIGNIFICANTLY?  WHAT  CHANGS^S  OCCUR 
IN  THE  PLANKTCNIC,  ^ENTHIC,  AND  SHORELINE  COMHUNI TIE'^'' 
WHAT  CHANGES  OCCUR  IN  TH£  INPUT  OF  TERRESTRIAL  INSETTS 
WHICH  WOULD  SERVE  AS  ImpqpTEO  FISH-FQOO  ORGANI'^mso 
FIRF 

effects, fish,nutrit-nts, la ketmcuntain, insect, ecosystem, pr 
oductivity 

830.  15   3?3   ape  the  relative  flammaeili ties  of  coniferous 

forest  understory  strata  correlated  with  successional 
stages?   flafmability,s'jccfssicn,shrup  understory 

831.  15   323   can  ke  develop  classification  of  coniferous  forest 

species  based  on  apility  to  survive  fires  of  differ'^nt 
intensities?   heat  effects  ,  org  an  is^,  fir«^ 
effects, mortality 

832.  15   323   can  we  develop  keys  fdr  the  loenti fic a t ton  of 

HABITAT  TYPES  (SENSU  DAUDENMIRP)  USING  BOTANICAL 
ATTRIBUTES  OF  SUCCESSIONAL  COMMUNITIES  THAT  DEVELOP 
AFTEi^  FIRE?    SUCCESS  I  0  N,  COMMUN  IT  Y 

833.  15    323    DOES  FIRE  UPSLOPt^  INCRFASE  TH«^  AVAILABLE  NUTPIENT 

BUDGET  OF  COWNSLOPE  CONIFEROUS  FORESTS  to  ANY  DEGPEP, 
AND  HOW  FAR  FROM  THE  FIRE  MARGIN  DOES  THIS  ENHANCEMENT 
OCCUR?    NUTRIENTS, SOIL-WATFR  REL ATI ONS, TOPOGRAPHY 
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831*.   15 


835.   15 


WHAT  ARE  THE  POSSIBLE  STRATEGIES  FOR  US£  OF 

TOOL  IN  NATIOMAL  ° " 


3?3    WHAT  ARE  THE  POSSIBLE 
AS  A  VEGETATION  MANAGEN'ENT  T 
WILDERNESS  AREAS?    PRESCRIB 
MANAGEMENT,  RECREATION 


EH  FlPr, GENERAL  FIRF 


FIRE 
AND 


323    WHAT  ARE  THE  RECOVERY  RATES  CF  CONIF£POUS  FQPEST 
FLOOR  BPYOPHYTE  MICPOCOMMUNIT  lES  AFTER  CPOWN/GPOUND 
FIPES?    CUSHION  PLANTS, GROUNC  FIRE, CROWN 
BURN, LITTER, DUFF 


836.   15    32<»    WHAT  ARE  THE  ACTUAL  EFFECTS  OF  PRESCIc^f^n  "UPNING 
WHITE  SPRUCE  LOCGING  SLASH  IN  THE  SU3-ALPINE  FOPrsT 
REGION  ON  PEGENEPATTON  OF  WHITE  SPRUCE?    rPESCRIOEG 
FIRE, FIRE  EFFECTS,REPROnUCTION,,MCUNTATN 


337.   15 


838.   15 


839.   15 


ZZk  WHAT  HAS  PEEN  THE  ACTUAL  HISTORir  ROLE  OF  FT^F  IN 

NORTHERN  CONIFEROUS  FORESTS?   WHAT  ACTUAL  EFFECTS  HAS 
THE  FIRE  EXCLUSION  POLICY  BROUGHT  AP0UT7--AM0  WHAT  WTLL 
THE  LIKELY  EFFECTS  OF  CONTINUED  FIRE  EXCLUSION  "E? 
FIRE  HISTORY, FIPE  EXCLUSION 

3?7    WHAT  ARE  THE  EFFECTS  OF  DIFFERING  INTENSITIES  OF 
FIPE  ON  THE  DEVELOPMENT  OR  SUPSITENCE  OF  '^EPMAFROST'' 
PERMAFROST, FIRE  EFFECTS, FIRE  TNTEN'^ITY,  SOIL-W  ATER 


RELATIONS, HEAT  EFFECTS  , ECOSYSTEM* 


32fl    WHAT  IS  THE  LONG-TERM  EFFFCT  OF  REPEATED 
SLASH-BURNING  (OVER  SEVERAL  CUTTING  CYCLES)  ON  THE 
DROOUCTTVITY  OF  CONIFEROUS  FOREST  ECOSYSTEMS,  FSPECTALLY 
ON  STEEP  SLOPES  IN  AREAS  OF  HIGH  RAINFALL? 
CLIMATE, PRESCRIBED  FIRE , TI MI NG , PRCCUCTIV ITY,CONIFEPCUS 
FOR  ^ST,  ECO  SYS  TE^',  MOUNTAIN,  TOPOGRAPHY,  SO  IL,F  IP  P  pfffCTS 


dkO,       15 


Itfl.   15 


l'+2.   15 


8t»3.   15 


>t*U,       15 


328    WHAT  IS  THE  LONG-TERM  EFFECT  OF  THE  EXCLUSION  OF 
FIRE  FROM  EXTENSIVE  CONIFEROUS  ^'ONOCULTUPES  (PLANTATION) 
ON  THE  FUTURE  PRODUCTIVITY  OF  THESE  AREAS,  IN  TFRMS  OF 
TOTH  PLANT  AND  ANIMAL  POPULATION?    FIRE 
EXCLUSION, CONIFEROUS  FOREST, PRODUCT IV ITY, ANIMALS 


3tf2    HOW  CAN  WF  PREDICT  THE  EFFECTS  OF  FIRES  OF 
INTENSITIES  ON  PERMAFROST  STABILITY  AND  DEPTH  OF 
MODIFIED  BY  LANOFORM,  DRAINAGE,  AND  SOIL? 
PER'iAFROST,FIRE  EFFECTS, HEAT  EFFEC  TS,  SOIL-WAT'^R 
RELATIONS, TOPCGRAPHY 


VAPIOUS 
THAW  AS 


3'»3    FIRE  INTENSITY  IS  A  FUNCTION  OF  AVAILABLE  FUEL. 

THE  AVAILABLE  FUEL  IS  IN  TURN  A  FUNCTION  OF  THE  CURRENT 

MOISTURE  REGIME.   WHICH  FIRE  INTENSITIES  BEST  LEND 

THEMSELVES  TO  HEALTHY  DYNAMIC.  HETEROGENOUS^  ECOSYSTEMS? 

FIRE 

TNT  ENS  I  TY,DENSITY,COMPETTTION,FLA^'MABILITY,  ECOSYSTEM 


31+3  WHAT    ARE    THE    EFFECTS    OF    FIRF    EXCLUSION    ON    THE 

DIVEPSITY    OF    PLANT-ANIMAL    COMMUNITIES?       DOES    IT    LEAD 


TO 
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8U5.   15 


Bkb,       15 


>«+7.   15 


1U8.   15 


iW^,       15 


850.   15 


851.   15 


352.   15 


lk5  ones  THE  RFNE^IT  ACCRUED  FRCH  EXCLUniNG  FIRE  FROM 

THE  FOREST  EXCEED  THE  COST  OF  THIS  FXCLtJSICN  POLICY? 
THE  BENEFITS  UNOE"  COMSnE^ATION  flPf^  THOSE  VALUES  THAT 
MAN  PLACES  ON  THE  FOREST.    FTR'^  EXCLUSI  0N»  ECONOMIC 
:FFECTS, HUMAN  ECOLOGY 


PIPELI 

(OIL-S 
ELSE  T 
WITHOU 

PORtST 
OPPORT 
REVEGE 
OISTUR 
FIREtS 
RELATT 


IT  I^  NOW  CCV^^ON  PRACTICE  IN  ALRERTA  AFTE" 

NE  OIL  SPTLL^  TO  TULLOOZE  THE  SUPFACE 

ATUPATED)  MATERIAL  INTO  PILES  AND  TO  RURN  THEM  (OR 

0  ATTTMPT  SUPFACE  TURNING  OF  CIL  IN  THE  SPILL  AR^A 

T  BULLOOZING).   WHEN  THIS  OCCURS  IN  FORESTED  OP 

-MUSKEG  APEAS,  WHAT  APE  THE  SUCCESIONAL 

UNITIES  FOR  FTTHfR  ASSTSTEH  OR  NATURAL 

TATION  ON  THE  RUPNFO  OIL-S^ILL  A»f:AS?    HUMAN 

OANCE,SUCCESSTON,;r-pPOOUCTICN,PPESCRIREn 

OIL, KAN-CAUSED  PIRE,SniL  STPUCTURE, SOIL -W AT^ R 

CNS 


^4+8    CO  SCORCHI^n  AND  "URNEO  TREES  LEFT  STANDING  (AS 
OPPOSED  TO  HARE  SNAGS)  AFFECT  THE  RATE  OR  SUCCESS  OF 
REGENFRATICN?    FIRE  EFFECTS,  MORTALITY, H^^AT 
EFFECTS, SMCKE  EFFECTS , REPROnurTION , CR OWN  BURN 


:i+8    I«^  CCNTROLLEO  BURNING  IS  TO  nr  CAR^IEn  OUT,  IS 
HERE  ANY  WAY  TO  ESTIMATE  THE  HEAT  THAT  THF  SOIL  WILL 
ITANO  TO  JUDGE  FOR   REGENERATION  AT  A  FUTUPF  OATE? 
lEAT  EFFECTS, PRESCRIBED  FIRE , SOIL ,REPPOnUC TION , FlPf 

FFPCTS 


3^+8 

T 

S 

H 

EFFECTS 


3'*8    IN  AN  OLD  FIR  STANO  THE  HEAT  WTLL  BURST  THE  CCNES 
TO  PELEASE  SEEDS  FO"^  REGENERATION.  HOW  MUCH  HEAT  WILL 
THE  SEED  STAND  HEFORE  IT  IS  C^STRCYED?    SE'^0,Hf:AT 
EFFECTS, RE  PRO  DUCT I ON 

3'*8    TN  AREAS  WHERE  FIRE  DESTROYS  STANDING  TREES 
BORDERING  AREAS  OF  NATUPAL  OR  MANIPULATED  MEADOW 
(PARTICULARLY  ALPINE  ANO  SUR-AL^INE  Mf^ADOW)  ,  WMflT 
FACTORS  OETERMINE  THE  RELATIVF  EXTENT  OF  RE-FOREST ATION? 
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853.   15 


85U.   15 


i55.   15 


856.   15 


CAN  Mf  PREDICT  THE  POST-FIRE  I^EflTCW  EXTENT,  HEGRFE  CF 

FOREST  "NCFnACH^'£NT?    MOSAIC  t  ECniCNE  ,  ARFfl 

3  1 7F, RE  PRO  rue  HON, FIRE  EFFF^ TS, MOUNTA IN, COVpcTITTGN 

^i+a    IN  SLASH  BURNING,  WHERE  ONLY  THE  SHALLFR 
COMPONENTS  OF  THE  HEBKIS  ARE  CONSU^FO,  WHAT  IS  THE 
EFFECT  ON  THE  LARGER  COMPONENTS''    FIRE  EFFECTS, FUEL 
REHUCTION,  PPESCPIBE'^  FIR^^,  CHARCOAL  ,  ST "^-H 

?ua    IS  FIPE  EXCLUSION  ENHANGEPING  THE  T^Vf^L  OPM^^•T 
AND/CP  MAINTENANCE  CF  U:vlGULATE  R  A  KGE  (  ELK,  SHEE  P)  AND 
CONS-£OUeNTLY  THE  PRESENCE  OF  THESE  ANIMALS? 
WILDLIFE, GA^'E  AMMAL,FIRE 
EXCLUSICN,COMP£TITICN, HERRI VOPY 

?5'+8    IS  ONE  CORRECT  IN  ASSUMING  THAT  LARGE  STUMPS  APE 
MORE  RESISTANT  TO  ROT  FO"  A  NUMBER  OF  YEAOS  AFTER  FIRE, 
AS  THEY  APPEAR  TO  R^^?    FIRE 
EFF£CTS,nECOMPOSITICN,STEM,ORGflN 

34*8    IS  THERE  A  RELATIONSHIP  BETW^^N  ISOLATEO  PATCHES 
OF  UNOURNEO  FOREST  AND  THE  SOIL  MCISTURE  CONTENT  AN^ 
HENCE  VEGETATION  TURGI^ITY  IN  THOSE  AREAS?    FIPE 
EFFECTS, SOIL-WATER  RELA TIONS, FIRE  3EHAVI0R, FIpE 
INTENSITV, MOSAIC 


857.  15    ^t^fi  WHAT  IS  THE  REL  ATTONSHIP ,  IF  ANY,  BETWEEN  SOIL 

DISTRIBUTION  CHARACTERISTICS  (INCLUDING  SLOPE  ASPECT, 
'10RFH0L0GY,  TEXTURE,  MOISTURE,  ETC.*  AND  THE  RATE  0^ 
REGENERATION  AFTER  A  BURN,  AND  THUS  THE  TOTAL  AMOUNT  OF 
ACCELc'RATICN  SOIL  LOSS  "^UE  TC  EROSION?    SOTl 
EROSION, SOIL  STRUCTURE,SOIL,S0IL-VsATEP 
RELATICNS, TOPOGRAPHY, REORODUCTICN, FIRE  EFFECTS 

858.  15    75G    HOW  MUCH,  ^OR  HOW  LONG  AND  BY  WHAT  PPQCtSS^S  DO 

FIRE<=^  ALTEP  A)  TOTAL  WATER  ppODUCTION,  t^)  P^AK  SN^wheLT 

RUNOFF,  CJ  PEAK  STREAK  ^lOWS,  01  NUTRIENT  LEVELS  0^ 

STREAMS,  t)  S£ni'-1ENTATI0N  AND  F)  EROSION  FRO"  f^pESTFD 

WATERSHEDS?    ECOSYSTEM, FIPE 

EFFECTS, ST  RE AM, WATERSHED, NUTRIENTS, SOIL 

EROSION, CONIFEROUS  FOREST 


859.   15    ^5Q    WHAT  ARE  THE  ''ICPOMETrCROLOGICAL  CHAN^rs  IN 

RADIATION  AND  AOVECTICN  MICPOCLIMATE  AT  EITHER  SNOW  OR 
SOIL  SURFACE  THAT  RESULT  FROM  FIRES  WHERE  "NAKED" 
CANOPIES  REMAIN  CCMFflREP  WITH  TCT/SL  TIMBER  HARVEST  IN 
CLEAR  CUTTING?    MICROCL IM ATE , SNOW, FIRE 
EFFECTS, SOIL, CROWN  ''URN  ,  MA  NI  PUL  A  T  I  C  N  COMPARISON 

86C.   15    :^5C    WHAT  IS  THE  RELATIVE  DAMAGE  CAUSED  RV  FTPE 

FIGHTING  ACTIVITIES  -  SUCH  AS  LINE  CL=:ARING  AND  "•ROAn" 
BUILDING  -  ON  EROSTCN  AND  S  ^0 1'^ENT  A  TI CN  AS  COMOflorr  TO 
THE  r^AMAGE  CAUSED  BY  THE  FIPE  WITHOUT  SUCH  ACTIVITIES? 
HUMAN  DISTURF3ANCE,SCIL  EROSION, FIRE  EFFECTS, ^IPE 
-XCLUSION,MANIPLLATTON  COMPARISON 

861.   15    357    HOW  CAN  CONTROLLED  FIRE  MANIPULATION  MAINTAIN 
ROUGH  FESCUE  (FESTUCA  SCABRELLA)  FRAIRIE  ALONG  THE 
SOUTHERN  FRINGE  OF  THE  BOREAL  FOREST  AREAS  IN  CANADA'S 
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WESTERN  NATIONAL  PARKS?    GRASSLAND , CONIFEROUS 
FOREST, COMMUNITY, FIRE  EFFECTS » PRE SC PI  RED 
FIRE,COHPETITION,WILOLTF- ,PRCOUrTIVTTY 

357    HOW  DOES  ASPEN  SUDO[^{:ct5ioN  THROUGH  CONT^OLLZn 
BURNING,  EFFECT  INVERTEBRATE  AMD  VERTEBRATE  POPUL AT TO^JS? 
TECIOUOUS  FOREST, PRESCRIREO  FIRE, ANI M ALS, FIPF  EFFECTS 


363.   15    357    HOW  COES  FIRE  EXCLUSION  IN  CANAOA'S  wrSTERN 

NATIONAL  °APKS  AFFECT  PRTClSSES  WHICH  WOULD  HAVE  TAKEN 
PLAC^  HAO  hTOERN  MAN'S  INFLUENCES  BEEN  LARGELY  AmSENT'' 
GENETIC  RESPONSE, FIRE  EXCLUSICN 


.,1 


»>.. 


I 


t  urn* 

KhsJ 


86^.   15    36'+    HOW  A^E  THE  NUTRTTICNAL  CHAP ACTERISTinS  OF  RP0W<:E 
SPECIES  AFFFCTEO  BY  VARIOUS  TYPES  OF  FIR^s  IN  VARIOUS 
HARITAT  TYPES  -  "OTH  SHO'^T-TERM  AND  LONG-TERM-* 
•^JUTRIENTS,  SHRUB  UNDr  RSTORY,  WILPLIFE,  G  AM*=:  ANIMAL 

865.  15    36<t    HOW  CO  PFESCRIRED  FIRES  COMPARE  TO  OTHE'  UNGULATE 

HA3ITAT  MANIPULATION  TECHNIQUES  OK  A  COS  T'-^ENEF  IT  OASIS'' 
WILDLIFE, GAME  ANIMAL, PRESCRTCEP  FT^E, ECONOMIP 
EFFFCTS.MANTPULATICN  COMPARISON 

866.  15    36^    WHAT  APE  THE  EFFECTS  OF  FIPF  ON  VARIOUS 

INTENSITIES,  SI7ES,  TYPES,  ETC.,  ON  UNGULATF  hADITAT, 
E.G.  THE  FIRE  TYPES  OR  CHARACTERISTICS  THAT  PRODUCE  THE 
BEST  HABITAT,  THE  OPTIMUM  FIRE  «=IZE  IN  VACTOUS  HABITAT 
TYPES,  THE  HABITAT  TYPES  THAT  POOOUCE  THE  "EST 
REGENERATION  FOP  UNGULATE  \js^?  GAME 

ANI^'AL, WILDLIFE, FIRE  INTENSITY,  FIRE  OENSI  TY  ,  ORG  ANI«;m 


1. 1,5 

..... 

CO 


■Ill*  ■•■•III 
«•  .11111 


<: 


867.  15    365    WHAT  ARE  THF  EFFECTS  OF  FOREST  REMOVAL  BY  NATURAL 

OR  ARTIFICIAL  MEANS,  ON'  A  LARGE  SCALE,  ON  THE  WAT''' 
TABLE?    SOIL-WATEP  PEL  ATI  CNS  ,F  IRE  EF^^ECTS,  HUMAN 
01  STU'^BANCE,  ECOSYSTEM,  CONIFEROUS  FCEST 

868.  15    365    WHAT  ARE  THE  LONG  AND  SHORT  TERM  EFF<^CTS  0^"  Flpr 

ON  SOIL  REACTION,  ESSENTIAL  K  ACONUTRIEVTC ,  ORGANIC 
CARBON  CONTENT  AND  CATION  EXCHANGE  CAPACITY? 
NUTRIENTS.COMPOUNDS.SOTL, FIRE  EFFECTS, TIMING 

869.  15    365    WHAT  ARE  THE  MERITS  OF  PRESCRIBED  BURNING  FOLLOWED 

BY  SCARIFICATION  AS  A  MEANS  OF  SEEDBED  PREOARATTON  FOP 

REGENERATION  BY  BIPECT  SEEDING  OF  SEVERAL  CONIFEROUS 

SPECIES?    PRESCRIBED  FIRE, HUMAN 

■3 1 STUPBANCE,  RE  PRODUCT  I  ON,  CONIFEROUS  FOPf:ST,  MA  NI  FUL  A  11  ON 

COMPSRISON 


870.  15    365    WHAT  EFFECT  DOES  FIRE  H/5VE  CN  THE  VTABILTTv  OF 

CONIFEROUS  SEfOS  OCCURRING  IN  THE  DUFF  LAYER'' 
DUFF,SE£0, CCNIFFPOUS  FOREST, FI^E  EFFFCTS 

871.  15    365    WHAT  IS  THE  D IS TRIBUTT C N,  AND  FATE  OF  SEEDS  Fdqm 

FIRf-TNDUCFD  OPENING  OF  CONES?   WHAT  HA'^pfn*^  jo 
INDIVIDUAL  CONIFEROLS  SEEDS  IN  THE  NATURAL  HABITAT? 
CONIFEROUS  FOREST, SEED, HEAT  EFFECTS, FIRE 
EFFECTS, DISPERSION 
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872.  15    T68    CAN  WILOFIPES  B^  ALLOWED  TO  BURN  THEMSELVES  OUT  TM 

WILDERNESS  ANT  SEMI-WILOERNrSS  ZONES  OF  NATIONAL  PARKS 
WITHOUT  A  PAJOR  THREAT  OF  RURNING-CVER  AOJAC^^NT  LAMCS'' 
WHAT  ARE  THE  AVERAGE  DISTANCES  WHICH  NATURAL  FIPFS 
TRAVEL  UNDER  VARIOUS  PHYSIOGRAPHIC,  CLIMATIC  CONDITIONS? 
FIRE  BEHAVIOR, VALUE  JUDGEMENT  ,SCCI  AL  EFF=-CTS,  ECONOMIC 
EFFECTS, GENERAL  FIRE  MANAGEMENT 

873.  15    370    HOW  IS  INTENSITY  OF  FIRE  RELATED  TO  LANDFORM  IN 

VARIOUS  PHYSIOGRAPHIC  REGIONS?    FIRE 
INTENSITY, TOPOGRAPHY 

87tf,   15    370    HOW  IS  VEGETATION  REGROWTH  (COMPOSITION,  DENSITY) 
RELATED  TO  FIRE  INTENSITY?    REPRCOUCTION, FIRE 
INTENSITY, SPECIES  DIVERSITY , FIRE  EFFECTS, COMMUNITY 

375.   15    370    WHAT  BEHAVIORAL  RESPONSES  AND  POPULATION  CHANGt^S 
MIGHT  BE  OBSERVED  IK  BIRDS  AND  fAf-MALS  AS  A  RESULT  CF 
FIRE?    FIRE  EFFECTS, EXPERIMENT  ORIENTED 
QUESTION, BIRD, WILDLIFE, ANIMAL  BEh AV IOR,POPULATTrN 
GROWTH, COMMUNITY 

876.  15    37C    WHAT  MIGHT  R"^  THE  QUANTITY  CF  FORAGE  (WOODY  flNP 

HERBACEOUS)  YIELDED  ON  LAND  BURNED  AT  DTFF'^RING 
INTENSITIES  COMPARE^^  TO  YIELDS  ON  AREAS  LOGGED  ANH 
SUBJECTED  TO  DIFFERING  SITE  PREPARATION  TREAT  MfN-^S ,  (BOTH 
COMPARED  TO  UNDISTURBED  CONTRCL  AREAS),  FQR  VARIOUS  AGES 
FOLLOWING  DISTURBANCE?    HUM/SN  CI  STUR6ANCE,  MANI  PUL  ATI  qn 
COMPARISON, EXFFRIMEM  ORIENTED 
QUESTION, PRODUCTIVITY, FIRE  EFFECTS, FIRE  INTENSTTY 

877.  15    770    HOW  DOES  A  LAFGE  FOREST  FIRE  DIRECTLY  AFFECT  A 

MOUNTAIN  STREAM  IN  TERMS  OF  ITS  BIOTA?  WOULD  THE  HEAT 
GENEOATEO  BE  SUFFICIENT  TO  KILL  AOUATIC  INVERTERRATES, 
FISH,  ETC.?    STREAM, EISH, FIRE  EFFECTS, HEAT  EFrprTS 

878.  15    770    WHAT  ARE  SOME  LONG-TERM  EFFECTS  IN  TH^  SOILS 

UNDERLYING  AREAS  OF  REGULAR  PRFSCRIPED  BURNING?   CAN  TH^^ 
SOILS  BE  ADVERSELY  AFFECTED  IK  THEIR  CHEMICAL  MAKE-U^? 
PRESCRIBED  FIRE, S CIL, FIR£  EFFECTS, FIRE 
FREQUENCY, NUTRIENTS 

879.  15    773    HOW  SHOULD  CONTROLLED  BURNING  PLOTS  BE  ORIENTED 

AND  WHAT  SI7F  AND  SHAPE  SHOULD  THEY  BE  TO  MAXI'^I^F 
UNGULATE  USAGE  OF  THE  BURNT  AREAS?    AREA 
SIZE, PRESCRIBED  FIR^, W  ILDLIFE  ,G AME  ANIMAL 

880.  15    773    WHAT  EFFECT  DOES  FIRE  HAVE  ON  NIVAL  'CONDITIONS 

DURING  SUCCEEDING  WINTERS,  I.E.  IS  WINTER  CARRYING 
CAPACITY  FOR  UNGULATES  INCREASED  CR  IS  MEW  "ROWSE 
UNAVAILABLE  BECAUSE  OF  DRIFTING  CONOITinNS,  WIND  CUST, 
ICE  LAYERS,  ETC.?    FIPP 
EFF-CTS,WILnLI'^'^,SNCW,^ICROCLIMftTE 

881.  15    77k  I  WOULD  LIKE  TO  KNOW  »^ORE  AOOUT  THE  E'^FECTS  OF 

FIR?  SUPPRESSION  ON  FOREST  "INVASTCN"  OF  GRASSLAND  ON 
BLACK  SDILS  IN  THE  "^OOTHILLS  AND  FALKLAND  AREAS.  T*^ 
FORf"ST  INVASION  OF  THE'^^E  "GRAZING  A=>EAS"  RFALLY  THE 
RESULT  OF  FIRE  SUPPRESSION?    Fipc 
EXCLUSICN,SUCCESSIOK,DISPERSICN,GRASSLAND,COMPETITICN 
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882.  15    776    HOW  PAN  Y  ACPES  OP  CONIFEROUS  f^OREST  WILL  NEVE" 

YIELH  fl  COH^^ERCIAL  PRODUCT  UNLESS  TH-Y  AR-  THTNN'=^n  c" 
8URNED  ANO  THE  REC^MER ATTON  THINNER''    ^CONO^^IC 
EFFECTS, VALUE  JUDGEMENT  ,  COMC'ETI  TT  CM  ,  PPPSCRI'^E':)  FT°E 

883.  15    777    TO  WHAT  EXTENT  WILL  WILDLIFE  SUCH  AS  '"OOSE,  ELX" 

ANO  OEER  UTTLI7E  THE  CENTRE  CF  LARGE  RURNt^O  OVER  AREAS'' 
ANIVAL  BEHAVIOR, GAMt^  AN'IMAL,APEA  SIZE,FIPF  f^pi^ECTS 

88i*.   15    in  UNHEP  WHAT  CONDITIONS  TC  FIRES  SKIP  ATOUT  LEAVING 

3L0CKS  OF  UNBURNEO  TH8ER?    HOSA  IC  ,  ECOTONE  ,  F  IRE 

BEHAVIOR 

885.   15    m  WHAT  TYPES  OF  FIRES  ARE  WILC  ANIMALS  (OF  WHAT 

SPECIES)  UNABLE  TO  ESCAPE?   CO  FIRE^  PEALLY  KILL 
WILDLIFE?   CROWN  FIP^S  USUALLY  OCCUR  IN  STAMPS  0^  SPRUCE 
OR  PINE,  COVER  TYPES  NOT  INTENSIVELY  USED  PY  WTL^ 
UNGULATES.   00  WILDFIRES  REALLY  ACVERSELV  APF^PT 
WILDLIFE  PO°ULATICNS  IN  A  Ri^GICN?    ANIMAL  f^E^A  V  I^P  ,  FI9E 
EFFECTS, FIRE  BEHAV  lOR  ,  M0=^T  ALT  T  Y  ,CROWN  BURN,  CO  NI  PrpouS 


T.Ii  FOREST 


',,1,1  886.   15    777    WHY  IS  FIRE  SUP°RESSION  NECESSARY  ON  TTM"E^  STANDS 

i"  *(  WHICH  WILL  NEVER  BE  n^EPCHANT  ARL '^  SUCH  AS  ntfiCK  '^npuPF 

i'C'  SWA'-ns,  TAMARACK  ROGS,  ETC.,  V>HEN  SUCH  SUPPPESSION  IS 

'•'  evPENSIVE  ANO  INHIBITS  NATURAL  DEVELOPMENT  OF  WILDLIFE 

HABITAT?    ECONOMIC  EFFECTS, FIRE  EXCLUSION, VALU^ 

JUOGEMENT, WILDLIFE 


^;»;J  ^  887.   15    71?>  WHAT  EFFECTS  ^'AY  BE  EXPECTED  RELATED  TO  THE 

n!^"*  DISCHARGE  REGIME  OF  STpEAMS  FPOf'  FTOES  LOCA'^EO  WITHIN 

THEIR  DRAINAGE  BASINS?   WHAT  CHANGES  TN  WAT^^R  QUALITY 
(E.G.  STREAM  TEM^^EP  A  TURE ,  PH,  DIS^^OLVED  OXYGEN, 
SUSPENDED  SOLIDS,  NITRATE  AND  PHOSPHATE  CONTENTS)  0^ 
STREAMS  WOULD  BE  ASSOCIATED  WITH  FIRES  ADJACENT  TO 

J^!!,,'  THESE?    FIRE  EFFECTS  ,  STREAM  ,  FH,  CCMoquNDS  ,  NUT^^T  ENTS  ,  SOIL 

'.^.^  EPOSION, MICROCLIMATE 

.,.„^,  888.   15    n^  IN  N.E.  ALBERTA  THERE  APE  AFPROXIM  ATp  LY  1?,CG0  SO 

I  MI,  OF  HARITAT  IN  WHICH  RESIP^NT  BANDS  OF  WOOOLANH 

.'*■.)  til  _._  —  ^..  — . — .__  -  —  .  _-.. ..-_ —  .... 


ANI N' A  L,  CONIFEROUS  FOREST, SOIL -WATER 
RELATIONS, SUCCESSION, PRODUCTIVITY 


88B.   15    802    IS  FIRE  A  SIGNIFICANT  FACTOR  IN  THE  NATUPAL 

SUCCESSION  OF  TPEE  SPECIES  IN  THE  BOREAL  FOREST  AND  HOW 
DOES  THIS  AF'^ECT  THE  REGENPPATICN  OF  ALL  AREAS  TO 
CONIFERS  RARTICULAPTLY  WHITE  SPPUCE? 
SUCCESSION, CONIFEROUS  FOREST,  FIRE  EFFECTS  ,  P^PRO'^UCTTON 
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890.  15    8C?    WHftT  ARE  THE  EFFECTS  OF  REPEATED  (AS  FREQut^NTLY  AS 

EVERY  5  YEARS)  SPRING  WILDFIRES  ON  SOIL  OROTUCTIVITY  T^ 
THE  GREY  WOOHEO  SOILS  OF  ALBERTA?    Flpr 
EFFFCTStSOIL.PPOnUCTIVITYtFIPE  FREQUENCY, T I  MI NG 

891.  15    803    IF  A  FIRE  OCCURS  IN  A  SUR-ALDINE  FOREST  WHPPE 

SOILS  ARE  QUITE  SHALLOW,  SHOULD  SALVAGE  OF  FIRE  KILLED 
TIMBER  BE  UNDERTAKEN?   I.E.  ARE  CHANCFS  OF  WA^MFIIL 
EFFECTS  FRON  LOGGING  IN  A  WATEPSHFD  THAT  MUCH  Gt^EATPf? 
THAT  WE  SHOULD  NOT  LOG  AS  OPPOSED  TO  A  LOGGING  OPPPflTTON 
IN  GREEN  TIMBER  IN  THE  SAME  WATERSHED?    HUMAN 
DISTURHANCEt  MANIPULATION  COf^P  ART  SON  ,  SOIL 
STRUCTURE,  f-ORTALITY 

892.  15    <^Q3  WHEN  TIMBER  IS  LEFT  IN  U°PER  REACHES  OP  A 

WATERSHED  FOR  PROTECTION  PURPOS^^S  AND  WH^n  LOWER 
PORTIONS  APE  LOGGED,  SHOULD  THESE  orotpcTIOK  FO«?rSTS  B^ 
DELIBERATELY  BURNED  ONCE  A  VIGOPQUS  FOREST  COV^R  HAS 
BEEN  ESTABLISHED  ON  THE  CUT-OVER  AREA?   I.E.  COULD  THE 
OVEP'^ATURE  PRCTECTICN  FOREST  BECOHE  AN  EPICENTRE  FOR 
INSECTS  AND  DISEASE  SERIOUS  ENOUGH  TO  AFFECT  THE  YOUNG 
ESTABLISHED  FOREST  GROWTH  ON  THE  LOGGED  AREAS  OR  WOULD 
THE  HARMFUL  EFFECTS  TO  THE  WATE^SHEn  (SNOW  PACK,  TIME  OR 
RUN-OFF,  ETC.!  CREATED  BY  BURNING  OUTWEIGH  THE  POSSIBLE 
DAMAGE  TO  THE  YOUNG  FOREST  "^TANCS?    HUMUN 
DISTURBANCE, FIRE  EFFECTS , SOIL ,S NO W, SOIL- WATER 
RELATIONS, INSECT, DISEASE, PRESCRIBED  PIPE,PU^L 
R£ DUCT I  ON, PAN IP UL AT  TON  COMPARISON, AGE 

893.  15    83«»    IN  AN  OLD  GROWTH  SPRUCE-BALSAM  STAND  THAT  IS 

CONTINUALLY  PROTECTED  FPQM  FIRE  AND  LOGGING,  WHAT  SORT 
OF  WATER  YIELD  MAY  BE  EXPECTED  AS  TH^  STAND  B«^CO^ES  horf 
AND  MORE  DECADENT?   IN  A  MONTANE  POREST,  I.E. 
DOUGLAS-FTP/LODCEFOLE  PINE,  WHAT  PATE  OF  TREE  IMCURSTQN 
CAN  BE  EXPECTED  ON  GRASSLAN'^  WHEN  PIRE  IS  EXCLUDED  AND 
ALSO  WHAT  EFFECT  ON  WATER  YIELD  OCES  THIS  mavE? 
CONIPEROUS  FOREST, FIRE 
EXCLUSION, WATERSHED, AGE ,COMPE TIT I CN,GPASSL AND 

i9k,       15    8QU    IS  THERE  ANY  RELATIONSHIP  BETWEEN  SLOPE,  SOIL  TYPE 
AND  BROADCAST  BURNING  IN  RELATIONSHIP  TO  SOIL  EROSION? 
TOPOGRAPHY, SOIL  STRUCTURE, PRESORT EED  PIPE, SOIL 
EROSION, FIRE  EFFECTS 

895.  15    804    A  LOT  OF  OUR  STANDS  HAVE  A  POST  LOGGING  RESIDUAL 

OF  ADVANCED  GROWTH  PALSAM  FIR  AND  SNAGS.   WHAT  SORT  OF 
ECOLOGICAL  SUCCESSICN  CAN  WE  EXPECT  ON  THESE  AREAS  IF 
THERE  IS  NO  BROAOCAST  BURNING  OR  OTHER  TREATMENT.   TN 
RELATION  TO  THE  ABOVE,  WHAT  EFFECT  DOES  THIS  HAVE  ON 
WATER  YIELD  IN  ANY  SPECIFIC  WATERSHED?   WHAT  WOULD  BE 
THE  EFFECT  IF  WE  BROADCAST  BURNED  THESE  AREAS? 
SNAG, SUCCESS I  ON, FIRE  EXCLUSION, HUMAN 
DTSTURBANCE, CONIFEROUS  ^ ORES T , PRE SCR I  BED 
PIPE, WATERSHED, SOIL -W A TE«  RELATIONS 

896.  15    80*4    WHAT  EFFECTS  DOES  THE  EXCLUSION  OP  FI^E  HAVE  CN 

THE  NATURAL  ECOLOGICAL  SUCCESSION  OF  PINE  PIONEFPS  ^o 
THE  SPRUCE-BALSAM  CLIMAX?    SUCCESSION, FIRE 
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EXCLUSION, CONIFEROUS  FOREST 

897.  15    807    PROTECTION  OF  POST  OF  OUP  FCPESTf^D  LANDS  FPCM  FIPF 

TS  NECESSARY.  HOWEVER,  THE  DEGREE  OF  PROTECTION  ^^HOULO 
BE  CORRELflTEO  WITH  THE  RELATIVE  LAND  USE  VALUES  THAT 
WILL  BE  AFFECTED  EITHER  POSITIVELY  OR  NEGATIVELY  BY 
FIRE.   I  00  NOT  AGREE  WITH  SPEMCIKG  MASSIVE  AMOUNTS  OF 
MONEY  ON  AREAS  WHERE  A  FIRE  h'AY  DC  LITTLF  0^.    NO  f^AVAG-, 
INDEED  MAY  HAVE  A  POSITIVE  EFFECT  CN  THE  SITE. 
ECONOMIC  EFFECTS, FIRE  EFFECTS,FIPE  EX  CLUSION,  VALU<^ 
JUDGEMENT 

898.  15    809    WHAT  ARE  THE  LONG-TERM  BTCLCGICAL  EFFECTS  OF  S^Ot^E 

ON  PcSnUAL  TREES  WITHIN  A  "URN  AND  IN  SURROUNOING 
AREAS?    SMOKE  EFFECTS 

899.  15    813    AT  WHAT  THRESHHOLD  FREQUENCIES  AND  FIPF 

INTENSITIES  WILL  PRrsCPIBED  FIRP  ELIMINATE  PATBIT 
HAt^ITAT  IN  AN  AS^EN  STAND?    S^flLL 
MAMMAL, WILDLIFE, ANIMAL  Dc^H  A  V  I  CR  ,  OFC  TOUOUS 
F0Rf,ST,ORESCRI8E0  FIRE, FIRE  FREOUENCY  ,  FIRE 
INTENSITY, FIRE  EFFECTS 

900.  15    813    HOW  FAST  DOES  A  FI^E  SPREAD  IN  AN  ASPf^N  STAND 

UNDER  EXTREME,  HIGH,  MODERATE  AND  LOW  HAZApoS''    FIPF 
TEHAVIOR, DECIDUOUS  FOREST, FLA  MM ABILITY 

901.  15    813    HOW  HOT  DOES  A  FIRE  HAVE  TO  nr  g£rORE  AS°EN 

SUCKERING  IS  ELIMINATED?    ROOTS, FT^E 
INTENSITY, OFCIDUDUS  pQPEST.meAT  EFFECTS 

902.  15    813    HOW  SOON  FOLLOWING  A  pIRF  WILL  CONIFEROUS  (PINE  OP 

WMTTE  S°RUCF)  SPECIES  GERMINATE  IN  AN  ASPEM  STANn? 
(ASSUMING  A  SEED  SOUPrE  IS  NEAR  "Y).    CONIFEROUS 
FOREST, DECIDUOUS  FOt?EST,  SEED  ,  REPRCOUCTTON  ,  F  TRE  E^'^'^CTS 

903.  17    352    IS  FIRE  EXCLUSION  LIKELY  TO  RESULT  IN 

SIGNIFICANTLY  HIGHER  FIRE  FREOUENCT«^S ,  PATES  OF  SPP'AD 
AND  INTENSITITES  IN  CONTf^E'^OUS  FORESTS?   IF  SO,  TN  WHICH 
FOREST  TYPES  AND  HOW  MUCH?    FIRE  EXCLUSION, FIRE 

FREQUENCY, FIRE  3EHAVI0C 


90t«.   17    352    UNOf^R  A  ^OLICY  OF  FIOE  "EXCLUSION,  WHflT  IS  LIK-^LY 
TO  R"^  THE  EFFECT  OF  FUTURE  TRENDS  IN  FOREST  UTILI7flTI0N 
AS  THEY  RELATE  TO  FUEL  MANAGEMENT  (AMOUNT,  CONTTNiJIT^, 
FLAMMAHILITY,  ETC.»  AND  GENERAL  F  TRE-FIGHTI NG  EFf^QPT 
REQUIRED  TO   KEEP  COSTS  AND  DAMAGES  TO  AN  ACCE°TAplE 
LEVEL?    GENERAL  FI^E  MANAGEMENT 

905.  17    352    WHAT  EFFECT  MIGHT  (^IRE  EXCLUSION  HAVE  ON  RATE  OF 

VEGETATIVE  PROPUCTICN  AND  AN  INCPEASE  IN  TH"^  EXTENT  OF 
PERMAFROST  CONDITIONS  IN  NORTHERN  LATITUDES''    EIRE 
EXCLUSION, VEGETATION, PRODUCTIVITY, PERMAFROST 

906.  17    352    WHAT  MIGHT  BE  THE  EFFECT  OF  FIRE  'XCLUSION  ON  TH" 

RATE  OF  LITTER  AND  FUEL  ACCUMULATION  IN  A  CONIFEROUS 
FOREST  TY=>F,  ANC  CONCURRENT  AND  SUPSEQUENT  CHANCES  IN 
FUEL  MOISTURE  STATUS  AND  FL A M^APILITY?    Fjo^ 
EXCLUSION, LI TTER,FU£L/BTOMASS 
ACCUMUL AT I CN,FLflMM ABILITY, FIRE  BEHAVIOR 
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907.   17    "?72    AFTER  FIRFS,  HANY  TALL  SNAGS  AND  STUB^  Ri^H^TN, 
WHICH  ARE  OFTEN  CUT  DOWN  AND  LFFT  TO  ROT  (MUCH  L'^S^ 
OFTEN  "SALVAGEO"  AS  MERCHANTABLE  TIMBER).   SUCH  SNAGS, 
IF  LFFT,  MAY  REPRESENT  THE  MCST  ATTRACTIVE  SITi^S  FQP 
FEEPING  (\ND  NESTING  OF  HOLE-NESTING  RIRn<^  flNO  MAM»^ALS 
(JUST  AS  OLD  UTILITY  POLES  ARE  ^^ORE  ATTRACTIVZ  THAN  THE 
NEW  ONES  PUT  UP  IN  THEIR  PLACE).   00  SUCH  SNAGS 
REPRESENT  A  SIGNIFICANT  FIRF  hATARC,  RY  ATT'ACTINn 
LIGHTNING  OR  WHATEVER,  GENERALLY,  CR  ONLY  ALONG  ''IDCES 
AND  ON  HILLS?   AND  r>0  THEY  REPRESENT  SIGNIFICANT  FOCI 
FOR  INSECT  PESTS''   IN  FACT,  IS  THEPF  AD'^OUATE 
JUSTIFICATION  FOR  CUTTING  THEM,  TO  SET  AGAINST  THEI" 
VALUi^S  TO  WILOLT'^E?    SN^G,  RIPn,L  IGHTNTNG-C  AU  SEO 
FIRE, INSECT 


908.   17    37?    FIRE  IS  NORMAL,  ANH  VIRTUALLY  INEVITABLE,  TN  ►'OST 
CONIFEROUS  FORESTS.   IN  THE  PCREAL  FOREST  POOP'^R,  IT  IS 
ALSO  VIRTUALLY  UNPREVENT ABLE ,  OWING  TO  THE  VAST  AREAS 
INVOLVER.   OVER  LAPGE  AREAS  TN  ALPEPTA  AND  WESTERN 
SASKATCHEWAN,  SPi^UCE  ANH/OR  SPRUCE-FIR  FORESTS  A^E 
VIRTUALLY  LACKING  EXCEPT  IN  MUSKEG  SITES,  OWING  TO 
REPEATED  FIpES,  ANO  SUCCESSICNAL  FCPESTS  OF  POPLA'S, 
WITH  OR  WITHOUT  SPRUCE  UNOEPSTORY,  TAKE  TH«^IR  PLACF.   00 


WE  NEED  TO  CONSIDER  THIS  A  BAD  THINC 


VALUE  JUDCFMENT 


9C9.   17    .372    THE  SOUTHERN  PORDERS  OF  THE  BOREAL  FORES^,  BOTH 

ALONG  THE  PRAIRIES  AND  DM  THE  I  NT EP-MOUNTAIN  PLATEAUS  OF 
B.C.,  HAVE  A  PARKLAND  PHYSIOGNOMY,  WITH  SCATTERED  GPOVES 
OF  POPLARS  AMIO  GRASSLAND.  APE  TH^SE  PARKLANOS  A  RESULT 
OF  PRAIRIE  FIRES  BREAKING  INTO  THE  CLOSED  FOREST,  OR  A^E 
THEY  MERELY  ECOTDNAL  IN  NATUPf,  CONDITIONED  OY  SOIL 
MOISTURE  AND  ALKALINITY? 

SUCCESSION, GRASSLAND, SOIL-WATFR  R  EL  AT  I  ONS  ,  EXPEPIM^^KiT 
ORI'^NTEO  OUfSTION 

910.   17    372    WHILE  THE  POPLAR  FORESTS  WITHTN  THE  POPEAL  FOREST 
APE  LARGELY  OR  ENTIPFLY  FIRE  SUCCES"=^I  ON,  IS  THIS  ALSO 
TRUE  FDR  JACK  ^INE  AND  LOOGhPOLE  FINE  STANDS''   OP  ARF 
THESE  MAiMLY  CONDITIONED  BY  SANDY  SOILS?   DP  BOTH?   OR 
NEITHER?    SUCCESSION, SOIL 
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ABSTRACT 


Information  is  presented  on  insects  and  mites 
associated  with  important  shrubs  native  to  the  Pa- 
cific Northwest.  Forty-three  insect  species  or  in- 
sect groups  and  one  mite  species  are  discussed 
with  emphasis  placed  on  their  geographic  range, 
hosts,  type  of  damage,  appearance  and  habits,  life 
cycle,  and  natural  control.  The  orders  of  insects 
and  mites  represented  are  Coleoptera  (beetles), 
Diptera  (flies),  Hemiptera  (true  bugs),  Hymenop- 
tera  (ants),  Lepidoptera  (moths  and  butterflies), 
Thysanoptera  (thrips),  and  Acarina  (mites),  a 
host  plant  index  to  the  following  genera  is  provid- 
ed: Acer,  Alnus,  Amelanchier,  Arctostaphylos, 
Artemisia,  Atriplex,  Betula,  Ceanothus,  Cerco- 
carpus,  Chrysothamnus,  Populus,  Prunus,  Pur- 
shia  tridentata,  Quercus,  Ribes,  Rosa,  Salix, 
Sambucus,  S3TTiphoricarpus ,  Ulmus. 
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INTRODUCTION 


The   shrubs   considered  here   are  primarily  species   native 
to  the   Pacific  Northwest,    although   they  may  also  grow  else- 
where.-^    They  are  deciduous  woody  plants,   generally  less 
than   10   feet   tall,   but   some  species   may  reach  the   size  of 
small   trees.      These   shrubs    are   commonly  associated  with   the 
forest,    either  along   its   margins,   within  burns,    in  the  under- 
story,    or  along  watercourses.      Some,   such   as  Artemisia  and 
Chrysothamnus ,    grow  in  semiarid  areas.      Shrubs   are   an  impor- 
tant ecological  element,   especially  as   food  and  shelter  for 
wildlife--many   are   called  browse  plants.    Their  early  presence 
after   fires    aids   in  stabilizing   the  watershed   and   is    impor- 
tant  to  the  succession   of  vegetation  and  the  restoration  of 
site  productivity.      In  spite  of  their  value,    shrubs  have 
received   less   study  than  other  plant   groups,^   and  similarly, 
the   insects   that   utilize  them   as  hosts  have  not  been   studied 
extensively. 

The   insect   species   discussed  are   characteristically 
restricted  to  certain  kinds   of  plants.      Furthermore,   only 
certain  parts   of  the  host  plant   are  usually   infested  by  a 
particular  insect. 

Defoliation  is  perhaps  the  most  common  and  conspicuous 
type  of  damage.  Less  evident  damage  may  occur  to  the  stems 
and  to  the  reproductive  parts  at  all  stages  leading  to  seed 
formation.      Although  root   damage  is  known  to  occur,    little 


^C.    Leo  Hitchcock,   Arthur  Cronquist,   Marion  Ownbey,    and 
J.    W.    Thompson.      Vascular  plants   of  the  Pacific  Northwest. 
Univ.    Wash.    Publ.    in   Biology,    Vol.    17.      Part   2,     Salicaceae 
to  Saxifragaceae,    597  p.    (1964);    Part    3,    Saxifragaceae  to 
Ericaceae,   614  p.    (1961);    Part   4,   Ericaceae  through   Campa- 
nulaceae,    510  p.    (1959);    Part   5,   Compositae,    343  p.    (1955). 
1955-1964. 

Doris   W.    Hayes    and  George  A.    Garrison.      Key  to   important 
woody  plants   of  eastern  Oregon   and  Washington.      U.S.    Dep. 
Agric. ,   Agric.    Handb.    148,    227  p.      1960. 

^Wildland  shrubs--their  biology  and  utilization.      USDA 
For.    Serv.    Gen.    Tech.    Rep.    INT- 1 ,    494  p.      1972. 


information   about   it  has  been  gathered.      Infestation  of  sten 
by  certain  insects   such   as   the  poplar-and-willow  borer  may 
actually  stimulate   sprouting  by  older   (taller)   willow  plants 
thus   increasing  their  availability  to  game   animals;   however, 
the   long-term  effects   of  such   infestations  have  not  been 
determined.      More   commonly,    infestation   reduces   growth   and 
vigor   (e.g.,    gall   midges)    or  kills    the   affected  plant    or 
some  of  its   branches    (e.g.,    flatheaded  woodborers) . 

The  possibility   that    insects   such   as    juice-sucking  bugs 
act   as   vectors   of  diseases   of  browse  plants  has   received 
little   study  but   merits    consideration   in  baffling  instances 
of  stand  decadence  where   evident   causes   are   lacking.      Insect 
through  their  specificity,    also  influence   succession  by 
affecting  species    composition.      It    is   hoped  that    this   speci- 
ficity may  be  utilized  to  rid  areas   of  less   desirable   shrubs 
in   favor  of  others.      Besides   affecting  plant   hosts,    some 
insects  have  a  toxic  or  repellent   effect   on   animals   that 
ingest   them.      These   include   caterpillars  with  urticating 
hairs   and  stink  bugs  which  secrete  a  noxious   fluid. 

To  seek  better  understanding  of  the   relationships  be- 
tween insects   and  native  shrubs,   we  have   conducted  surveys 
and   limited  studies   of  the  relevant   species.      These  studies 
have  been   supplemented  with   information    from  other  entomo- 
logists   (See   Acknowledgments)    and   from  the    literature.      We 
have  selected   for  inclusion  here   only  those   insects   about 
which  useful   information   is   presently  available.      Some 
species   that   are  undoubtedly  important,    such   as   the   root- 
feeding  Curculionidae   and  Scarabaeidae,    and  the    leaf-    and 
stem-feeding  Cicadel lidae,   have   thus   been   omitted.      This 
publication   is    intended  as    an   initial   step  toward   a  compre- 
hensive  guide   for  forest,    range,    and  wildlife   resource 
managers   and  researchers.      Information   for  such   a  guide, 
however,   will   require   greatly  expanded  research  on  both   the 
plants    and  the   insects    infesting  them. 

The  text   is   divided  into  two  parts:      (1)    A  discussion 
of  insects    in   alphabetical   order;    and    (2)    a  host    index. 

A  standardized   format   includes   scientific   and  common 
names;    geographic  range;   hosts;   description   of  damage; 
appearance   and  habits;    life   cycle;    and  natural   control.     We 
have  omitted  applied  control   recommendations;    those  that 
exist   can  be  sought  in  the   cited   literature   or,   preferably, 
from  a  University,   County  extension   agent.   State   forestry 
office,    or  from  the   forest  pest   control   staff  of  a  Forest 
Service  regional   office. 


IMPORTANT  INSECTS 

COLEOPTERA:  BEETLES 

Buprestidae:  Flatheaded  or  Metallic  Wood  Borers 

Acmaeodera  spp. 

RANGE.      Widely   distributed  in   the   United  States    and 
southern   Canada.      A  great   majority  of  the  species   occurs    in 
the   southwestern   desert   areas    and  the   chaparral  belts   of 
the  Western  States. 

HOSTS.      Many  species    of  broadleaf  trees    and  shrubs. 
Host   specificity  is    common.      Representative  browseland 
hosts   include  species   of  Ceanothus ,    Ceraocarpus,   Queraus, 
Aratostaphylos ,   Rosa,    and  Purshia  tridentata   (Pursh)    DC. 

DAMAGE .  Larvae  bore  in  the  wood  of  roots,  stems,  and 
branches  of  the  hosts.  Their  activity  is  usually  confined 
to  dead  or  injured  portions.  No  extensive  killing  of  host 
plants   has  been   reported. 

APPEARANCE   AND  HABITS.      No   information   on   the   eggs   is 
available.      Larvae   are  typical    flatheaded  borers.      The 
first   expanded  body  segment    lacks    rugosities  but   has    a 
single  median   groove   or   line.      Larvae   are  white   or  cream 
colored,    somewhat    chunky  in  appearance,    and  up  to  one-half 
inch    long.      The  pupa  is    found  in  a  cell    at   the   ending  of  a 
larval  boring  tunnel   near  the  bark   surface.      Adults   are   some- 
what  triangular  or   cylindrical   in   shape   and   frequently  have 
characteristic   colorful   markings.      Adults   of  most   species 
can  be   found  on   the  host  plant  where   they   feed  on   tender 
leaves   or  flower  parts,   but   they   also   commonly  occur  on 
nonhost    flowers  where   they   feed  on  pollen   and  mate. 

LIFE   CYCLE.      The   cycle   is    generally  regarded  to  take 
2  years.      The   adult    stage   is    seasonally  specific.      Larvae 
generally  overwinter. 
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Agrilus  spp. 

RANGE.   Widely  distributed  in  the  United  States  and 
southern  Canada.   A  large  number  of  species  have  been 
described.   Species  are  not  as  well  represented  in  the  broh 
plant  areas  of  the  Western  United  States  and  Canada  as  in 
other  areas,  however. 

HOSTS.   Many  broadleaf  trees  and  shrubs;  some  species 
are  host  specific.   Browse  plants  frequently  attacked  inch 
species  of  Chrysothamnus ,   Arotostaphylos,   Salix,   Betula,  A'l 
and  Querous. 

DAMAGE.  Damage  to  the  host  plant  is  usually  negligib! 
but  larvae  can  girdle  and  kill  individual  branches  and  twij 
(fig.  1). 

APPEARANCE  AND  HABITS.   The  flattened  or  scalelike 
eggs  are  deposited  on  bark  of  the  host  plant  singly  or  in 
small  clusters,  and  are  usually  covered  with  a  protective, 
vamishlike  secretion.   They  are  difficult  to  find.   The 
larva  is  elongate  and  up  to  25  mm  long.   Only  the  first  boi ; 
segment  is  expanded;  it  bears  a  median  groove.   The  last  bi  i 
segment  terminates  in  a  pair  of  conspicuous  chitinized  spii  i 
The  mature  larvae  usually  mine  the  inner  bark  and  wood  and 
may  produce  a  spiraled  boring  around  twigs,  branches,  and 
trunks  of  living  or  dead  trees  and  shrubs.   Occasionally, 
they  may  bore  exclusively  in  the  wood  of  stems  and  roots  o 
shrubs.  The  pupa  is  about  half  the  length  of  the  mature  1 
it  is  creamy  white  and  characteristically  slender.   Pupati' 
takes  place  in  the  cell  constructed  by  the  larva  in  the  wO' « 
Adults  are  slender  and  cylindrical.   They  are  blue  to  copp  j 
iridescent,  and  frequently  have  pubescent  spots  or  stripes! 
They  are  usually  found  on  the  host  plant,  where  they  may  f'lj 


-Laroal  mines  of  Agrilus  politus  (Say)   on 
Scouler  willow. 


on  tender  bark  or  leaves.   Some  species  feed  on  fungus  spores 
and  some  frequent  flowers  where  they  feed  on  pollen. 

LIFE  CYCLE.   The  cycle  takes  1  or  2  years,  depending 
on  the  species.   Larvae  normally  constitute  the  overwintering 
stage.   Pupation  usually  occurs  in  the  spring  to  early  summer 
and  lasts  for  approximately  2  weeks. 

NATURAL  CONTROL.   Hymenopterous  parasites  appear  to 
be  an  important  regulating  factor  in  populations  of  Agrilus 
spp.   Parasitism  accounting  for  losses  of  up  to  50  percent 
of  the  population  has  been  reported  for  some  species. 
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Anthaxia  spp. 

RANGE .   Throughout  the  Western  United  States  and  Canada. 

HOSTS .   Many  plants,  including  species  of  Ceroooarpus, 
RosUy   Ametanohiev ,   Queraus,    Prunns,   Salix^   Ceanothus^    and 
Purshia  tvidentata   (Pursh)  DC. 

DAf^AGE .   Branches  and  small  twigs  of  host  plants  are  \ 
frequently  killed  or  damaged  by  the  boring  and  girdling  of 
the  larvae.   Host  plants  thus  affected  are  unsightly  and  may 
attract  other  boring  insects.  The  many  species  of  Anthaxia 
are  believed  to  be  much  more  highly  host  specific  than  has 
been  reported. 

APPEARANCE  AND  HABITS.   Eggs  are  not  known.   The  larvae 
are  small,  cream- colored  flatheaded  borers.   The  first  body 
segment  is  without  distinct  chitinous  rugosities  but  has  an 
inverted  V  on  the  dorsal  surface  and  a  median  line  on  the 
ventral  surface  that  does  not  reach  the  hind  margin.  The 
larvae  are  found  beneath  or  in  the  bark  of  the  host.   Pupatic 
is  believed  to  take  place  in  a  specially  constructed  cell 
in  the  wood.   The  adults  are  small,  conspicuously  flattened 
and  broadened;  they  are  dark  bronze,  blackish,  or  green,  and 
have  characteristic  pronotal  reticulations.   Adults  are  founc 
on  the  foliage  or  flowers  of  the  host  plant,  on  flowers  of 
various  species  of  Compositae,  or  commonly  on  Eriogcnum. 

LIFE  CYCLE.  The  cycle  is  not  known,  but  is  believed  to 
last  1  year.  Adults  are  found  from  early  spring  to  midsumme: 
depending  on  the  species  and  locality. 
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Dicerca  horni  Crotch  and  D.  pectorosa  LeConte 

RANGE.   Throughout  their  host  ranges  in  the  Western 
United  States  and  British  Columbia. 

HOSTS .   Several  browse  shrubs.  D.    hoimi   infests  species 

of  Ceanothus,    Cercooarpus ,    and  Alnus  ,   whereas  D.    pectorosa 
infests  species  of  Prunus . 

DAMAGE .   Larvae  bore  in  dead  wood  of  living  trees  and 
shrubs  or  in  the  wood  of  dead  or  dying  trees  and  shrubs. 
They  probably  do  not  kill  the  plant  by  themselves. 

APPEARANCE  AND  HABITS.   The  egg  stage  is  not  known. 
Larvae  are  typical  large  flatheaded  borers.   The  first  body 
segment  lacks  distinct  chitinous  rugosities  but  has  an  in- 
verted V  on  the  dorsal  surface  that  is  reticulated  anteriorly 
and  has  a  median  line  on  the  ventral  surface  that  reaches 
the  hind  margin.   Pupation  is  believed  to  occur  in  old  larval 
galleries  within  the  woody  portions  of  the  host  plant.   Adults 
are  dark  brown  to  coppery,  12  to  30  mm  long,  with  a  pair  of 
longitudinal  median  ridges  on  the  pronotum.  D.    hovni   usually 
has  long  fine  hairs  on  the  elytVa.   The  front  margin  of  the 
prostemum  of  D.    pectorosa   is  broadly  lobed  laterally.   The 
adults  are  found  most  often  on  the  bark  or  foliage  of  the 
host  plants.  Their  feeding  habits  are  not  known. 

LIFE  CYCLE.   The  details  of  the  life  cycle  of  these 
insects  have  not  been  recorded. 
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Cerambycidae:  Roundheaded  Wood  Borers  or  Longhorned  Beetles 

Crossidius  spp:  Desert  shrub  longhorned  rootborers 

RANGE.      Arid  and  semiarid  areas   of  the  western  States 
and  Canadian  Provinces. 

HOSTS .      Principally  Chrys othamnus  nauseosus    (Pall.) 
Britt.,   C.    viscidif torus      (Hook.)    Nutt.,    and  Artemisia 
tridentata  Nutt. 
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REPRESENTATIVE  SPECIES.  C.    hirtipes   LeConte,  C. 
punctatus   LeConte,  C.    oovalinus    (LeConte),  and  C.    ater   LeCont 

DAMAGE .   The  larvae  bore  in  the  roots  of  the  host  plants 
When  larvae  are  numerous  or  when  successive  generations  infes 
individual  plants,  partial  killing  or  general  unthrifty  con- 
dition may  result. 

APPEARANCE  AND  HABITS.   Eggs  are  deposited  singly  on 
the  bark  of  stems  and  branches  just  above  the  soil  surface. 
The  eggs  are  covered  with  a  protective  secretion  and  coated 
with  soil  particles  which  give  the  egg  a  scalelike  appearance 
The  larva  is  a  typical  roundheaded  borer,  white  to  cream- 
colored,  legless,  and  up  to  2-1/2  inches  long.   The  boring 
activities  of  this  developmental  stage  may  riddle  the  root. 
As  many  as  10  to  12  larvae  may  occupy  a  single  plant.  The 
pupa  is  large  and  yellowish  and  found  generally  in  the  wood 
just  below  the  bark  surface  in  the  crown  or  down  to  6  inches 
beneath  the  soil  surface.   Pupation  occurs  in  the  old  larval 
boring  tunnel.   Adults  are  cylindrical  with  long  antennae; 
they  have  characteristic  colors  and  markings  consisting  of 
a  yellow-brown  or  red  base  color  and  usually  with  a  broad 
black  apical  band  or  an  irregular  sutural  stripe  on  the  elytr 
The  adults  appear  only  during  the  late  morning  and  early  afte 
noon.  They  are  found  most  commonly  on  the  flowers  of  their 
host  or  related  plants  where  they  feed  on  pollen. 

LIFE  CYCLE.   The  cycle  takes  2  years.   Overwintering 
stages  are  the  egg  and  medium-sized  larva.   Pupation  generall 
occurs  in  late  summer  and  lasts  approximately  2  weeks.  The 
adults  are  most  evident  during  the  early  fall. 

NATURAL  CONTROL.   The  clerid  beetles,  Enoolerus  aaerbus 
(Wolcott)  and  E.    abvuptus    (LeConte)  have  been  reported  as 
predators  of  the  larvae. 
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Desmocerus  spp.:  Elderberry  longhorned  borers 

RANGE.   All  the  western  States  and  British  Columbia. 

HOSTS .   Several  species  of  Sambuaus. 

DAMAGE.   Boring  by  the  larvae  may  result  in  the  weakening 
or  killing  of  individual  plant  stems.   Extensive  plant  mortality 
has  not  been  reported. 

APPEARANCE  AND  HABITS.   The  eggs  are  not  known,  but 
they  are  believed  to  be  laid  in  crevices  of  the  bark  at  the 
base  of  the  plant.   The  larvae  are  typical  roundheaded  borers 
up  to  3  inches  long.   They  fetd  in  the  living  roots  and  basal 
stems  and  may  cause  the  formation  of  large  galls  up  to  10 
inches  in  diameter  at  the  base  of  the  stems.  Before  pupation, 
a  larva  will  tunnel  up  into  the  base  of  a  stem,  construct 
a  pupal  chamber  in  the  pith,  and  cut  an  exit  hole  to  the  bark 
which  is  then  filled  with  f rass .   The  cream-colored  pupa  has 
typically  long  antennae.   Adults  are  large,  attractively  colored 
beetles;  the  elytra  vary  from  uniform  orange  or  red  to  greenish 
or  blue-black  with  the  lateral  margins  narrowly  to  broadly 
reddish.   Sexual  dimorphism  occurs  in  several  species.   Specimens 
are  most  commonly  encountered  as  they  rest  on  the  leaves  of 
their  host  plant.   Occasionally  they  can  be  found  on  flowers. 

LIFE  CYCLE.   At  least  2  years  are  required  to  complete 
a  generation.   Adults  are  active  for  a  short  time  during  the 
summer.   Larvae  of  several  different  instars  may  overwinter. 
Pupation  takes  place  as  early  as  March  and  as  late  as  June, 
depending  upon  the  locality. 
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Chrysomelidae:  Leaf  Beetles 
Altica  spp:  Leaf  flea  beetles 

RANGE.   Throughout  the  western  States  and  Canadian  Prov 

REPRESENTATIVE  SPECIES  AND  HOSTS.  A.    bimarginata   Say, 
which  infests  Satix ,    and  A.    ambiens    [LeConte) ,  which  infests 
Alnus . 

DAMAGE .    Defoliation  by  adults  and  larvae  can  be  sever 
locally.   Reports  of  plant  damage  are  made  regularly  each 
year.   Plant  mortality  is  uncommon,  however. 

APPEARANCE  AND  HABITS.   The  eggs  are  elongate,  approxi- 
mately 1.5  mm  long,  and  pale  to  deep  orange.   They  are  laid 
singly  or  in  groups  of  30  or  more  on  the  leaves,  stems,  and 
branches  of  host  plants  and  occasionally  on  other  plants  nea 
The  larvae  are  elongate  and  brown  to  black,  with  the  head 
and  thorax  frequently  shiny  and  the  ventral  surfaces  yellowi 
Larvae  skeletonize  the  leaves  of  host  plants.   The  pupae  ar 
orange  to  brownish  in  color  and  occur  in  the  soil  beneath  th 
host  plant.   Adults  are  blue  to  metallic  steel  blue  and  5  to 
mm  long.  They  tend  to  jump  when  disturbed.  They  perforate 
leaves  of  the  host  plant  when  feeding. 


LIFE  CYCLE.   One,  two,  and  perhaps  more  than  two  genera 
tions  a  year  are  known  to  occur.  The  adults  overwinter  and 
oviposit  in  the  late  spring.   Eggs  hatch  in  5  to  10  days.  D 
ing  on  the  species,  larval  development  is  short,  varying  fro 
9  to  21  days,  or  is  extended,  ranging  from  25  to  53  days. 
Pupation  lasts  from  6  to  10  days. 


NATURAL  CONTROL.   Very  few  parasites  or  predators  have 
been  associated  with  these  flea  beetles.   In  Idaho,  the  prin 
cipal  population  regulators  are  the  predaceous  bug  Sinea 
diadema   (Fabr.)  and  a  predaceous  beetle  Lebia   sp. 
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Disonycha  spp:  Five-striped  flea  beetles 

RANGE .   The  more  semiarid  areas  of  western  North  America. 

REPRESENTATIVE  SPECIES  AND  HOSTS.  A  relatively  large 

number  of  species  is  represented  in  the  genus .  D.    latio- 

vittata   Hatch  infests  Salix ,   whereas  B.  latifrons   Schaeffer 
infests  Chrysothamnus . 

DAMAGE  Considerable  defoliation  of  the  host  plants 
may  occur  locally  but  extensive  damage  or  mortality  has  not 
been  reported. 

APPEARANCE  AND  HABITS.   Tlie  eggs  are  yellowish  and  occur 
in  groups  on  the  host  plant  or  in  soil  adjacent  to  the  host 
plant.  The  larva  is  black  with  a  distinct  greenish  or  bluish 
luster.   When  mature  it  is  approximately  one-half  inch  long. 
Larvae  usually  occur  in  groups  feeding  on  leaves  on  the  host 
plant.   Adults  are  ivory  colored  with  narrow  to  broad  black 
stripes  on  the  elytra  and  discal  markings  on  the  thorax.   The 
legs  are  red  or  orange.   They  occur  on  the  host  plant  occasion- 
ally, along  with  the  mature  larvae.   Pupation  occurs  in  the 
soil . 

LIFE  CYCLE.   Several  generations  a  year  may  occur,  de- 
pending upon  the  locality.   The  adult  overwinters  and  lays  eggs 
in  the  spring.   Eggs  hatch  in  7  to  10  days.  The  larval  stage 
lasts  for  up  to  8  weeks  and  the  pupal  stage  3  to  6  weeks. 
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Trirhabda  spp. 

RANGE.      Throughout   the  United  States    and  portions    of 
Canada. 

REPRESENTATIVE   SPECIES  AND  HOSTS;      T.    pilosa  Blake, 
which   infests  Artemisia  tvidentata  Nutt.,    and  T.    nitidioollis 
LeConte  and  T.    tewisii  Crotch,   which   feed  on  Chrysothamnus 
nauseosus    (Pall.)    Britt.    and  C.    vis cidif torus    (Hook.)   Nutt. 
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DAMAGE .   Under  local  conditions,  host  plants  may  be 
severely  defoliated.   Outbreaks  or  localized  plant  mortality 
have  been  reported  for  C.    nauseosus   in  New  Mexico  in  1957, 
and  for  A.    tridentata   in  southeastern  British  Columbia  in 
1954  and  1961  and  in  southern  Idaho  in  1968. 

APPEARANCE  AND  HABITS.   The  yellowish  eggs  are  deposited 
singly  or  in  clumps  on  the  host  or  on  litter  around  the  base 
of  the  host.   Larvae  attain  one-half  inch  in  length.  They 
are  metallic  blue  or  green,  rather  elongate,  and  relatively 
slow  moving.  They  feed  in  groups  on  the  upper  portion  of  the 
host  plant.   Larvae  of  several  different  sizes  may  be  present 
at  a  given  time.   The  yellowish  pupae  occur  in  the  soil  to 
a  depth  of  several  inches  around  the  base  of  the  host. 
Usually  they  are  found  in  sand  or  sandy  loam  soil.   Adults 
vary  in  color  from  dull  yellowish  with  greenish  to  black  pro- 
notal  spots  and  elytral  stripes  to  green  or  blue-green,  with 
or  without  pale  stripes  on  the  elytra.  They  are  usually  foun 
feeding  on  the  upper  portion  of  the  host  plant. 

LIFE  CYCLE.  There  is  one  generation  per  year.   In  speci 
thus  far  investigated,  the  egg  is  the  overwintering  stage.  T 
larvae  occur  from  early  spring  to  midsummer  depending  upon  th 
locality.   Pupation  lasts  up  to  2  weeks.   Adults  begin 
emergence  in  the  spring  and  are  active  for  several  months. 

NATURAL  CONTROL.   The  tachinid  fly,  Aplcmyiopsis  xylota 
(Curran)  has  caused  18  to  40  percent  mortality  in  larvae  of 
Trirhabda  lewisii,   T.    eviodiatyonis ,   T.    nitidiaollis ,   T. 
pilosaj    and  T.   manisi.      The  most  common  predator  is  the  penta 
tomid,  Pevillus  splendidus    (Uhler) ;  the  carabids,  Philophuga 
viridis  amoena   LeConte  and  Lehia  oyanipennis   Dejean  also  prey 
on  some  species. 
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Curculionidae:  Snout  Beetles  or  Weevils 
Rhynchites  b/co/or  (Fabricius):  Rosecurculio 

RANGE.   All  the  western  States  and  Provinces  of  the 
United  States  and  Canada. 

HOST.   Wild  and  cultivated  Rosa. 

DAMAGE.   Niches  are  chewed  in  developing  flower  buds 
by  adults  while  feeding  and  for  ovipositing.   Resulting  flowers 
do  not  develop  normally.   Following  oviposition,  the  female 
may  puncture  the  flower  stem,  causing  the  bud  to  wilt  and 
mummify. 

APPEARANCE  AND  HABITS.   Eggs  are  white,  elliptical, 
about  1.2  by  1.1  mm,  and  are  found  in  the  developing  flower  buds. 
Each  female  lays  approximately  40  eggs.  The  larvae  are  white, 
curved,  legless,  and  about  7  mm  long.   They  develop  in  mummified 
buds  that  have  remained  on  the  plant  or  dropped  to  the  ground. 
Pupation  takes  place  in  an  earthen  cell  in  the  soil.   Pupae 
are  white.   Adults  are  robust,  somewhat  pear-shaped,  with 
a  prominent  beak.   The  upper  surface  of  adults  is  bright  red 
and  the  ventral  surface  and  appendages  are  usually  black. 

LIFE  CYCLE.   There  is  one  generation  per  year.   Mature 
larvae  overwinter  in  the  soil.   Pupation  occurs  from  mid-March 
to  early  May  and  lasts  for  about  9  days,  but  the  adults  do 
not  emerge  from  the  soil  until  2  weeks  later.   Adults  are 
active  throughout  much  of  the  summer.   Eggs  hatch  in  I  to 
2  weeks  and  larval  development  is  complete  in  6  to  12  weeks. 

NATURAL  CONTROL.   An  ichneumonid  wasp  Pemeluoha   sp. 
has  been  reported  to  parasitize  larvae. 

References 
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Sternochetus  lapathi  (Linnaeus):  Poplar-and-willow  borer 

RANGE .  Native  to  Europe  and  Asia.   It  was ■ discovered 
in  New  York  in  1882  and  now  occurs  throughout  southern  Canada 
and  the  northern  half  of  the  United  States. 

HOSTS .   Preferably  Salix;   much  less  commonly,  Populus 
(but  not  Populus  tremuloides   Michx.);  and  rarely,  Alnus   and 
Be  tula. 

DAMAGE .   Stems  are  killed  either  by  mining  or  by  break- 
age of  the  weakened  part.   Infestations  occur  more  commonly 
near  the  ground  and  in  stems  1  to  3  inches  in  diameter.  Pres- 
ence of  infestation  is  indicated  by  wood  fragments  expelled 
by  larvae  through  holes  bored  in  the  stem.   Infestations  are ■ 
very  common  and  usually  persist  in  the  same  stem  or  plant 
for  several  years. 

APPEARANCE  AND  HABITS.   The  egg  is  white  and  measures 
1.1  by  0.8  mm.   Eggs  are  laid  singly  or  in  groups  of  two  to 
four  in  holes  chewed  in  the  bark  by  the  female  beetle.   The 
mature  larva  (fig.  2A)  is  about  1  cm  long,  white,  legless, 
and  C-shaped,  with  a  shiny  reddish-brown  head.   Young  larvae 
overwinter  between  the  bark  aiid  the  wood.   In  spring,  they 
mine  partly  around  the  stem,  then  upward  in  the  wood  or  pith 
for  a  distance  of  approximately  5  cm.   Before  pupating,  the 
larva  orients  itself  headfirst  toward  the  mine  entrance.  The 
adult  (fig.  2B)  is  7  to  10  mm  long,  dark  brown  to  black,  mot- 
tled with  light  brown  and  gray  scales.  The  tips  of  the  elyti 
sides  of  the  thorax,  and  parts  of  the  legs  usually  have  a 
pinkish  cast.   The  body  surface  is  dull  and  rather  rough  in 
appearance.   Adults  are  said  to  be  active  during  evening  and 
morning  but  become  inactive  in  daytime  when  temperatures 
exceed  26°  C.   They  do  not  take  to  flight  readily  and  if  dis- 
turbed, will  feign  death  by  dropping  to  the  ground  and  remaii 
motionless  with  legs  and  beak  closely  drawn  against  the  body. 
IVhen  held,  both  sexes  emit  an  audible  squeaking  sound  by  rubt 
the  abdomen  against  the  inner  surface  of  the  wing  covers. 

LIFE  CYCLE.   Accounts  of  the  weevil's  life  cycle  differ, 
apparently  because  of  climate.   In  coastal  British  Columbia, 
adults  emerge  during  summer  and  early  fall.   Eggs  are  laid 
during  two  peak  periods:  March  and  April  by  adults  that  over- 
wintered and  July  through  September  by  newly  emerged  adults. 
Pupation  occurs  from  mid-July  through  September  after  the 
larvae  have  ovenvintered. 
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Figure  2. — A.      Mining  of  willow  stems  by   larvae  of  the 
poplar- and-willow  borer  subjects  them  to  windbreakage . 
B.      Adult  weevil  on  bark  where  eggs  are   laid. 
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NATURAL  CONTROL.      The    larvae   are  parasitized  by  an 
ichneumon  wasp,   Dolichomitus  messor  sparsus  Townes . 
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Scolytidae:  Bark  Beetles 

Chaetophloeus  heterodoxus  (Casey)  (  =  Renocis):  Mountain  mahogany  bark  be 

RANGE :   Native  to  California,  Nevada,  Utah,  Oregon,  Monta 
Idaho,  Washington,  and  British  Columbia. 

HOSTS:  CeraoGccppus   commonly;  reported  on  Amelanchier   and 

DAMAGE.   Attacking  beetles  bore  into  the  bark  of  the 
trunk  and  branches  where  they  excavate  oval  egg  chambers  havin 
three  to  six  fingerlike  projections.   The  larvae  deeply  etch 
the  wood  during  their  mining  (fig.  3).   Usually,  the  infested 
trees  have  been  injured  previously  by  other  agents  such  as 
sapsucking  birds;  however,  during  1951-52  the  beetle  killed 
extensive  stands  of  mountain  mahogany  in  Oregon  without  eviden' 
help.   Infestations  may  persist  in  the  same  plant  for  several 
years. 

APPEARANCE  AND  HABITS.   The  beetle  is  monogamous.   From 
6  to  12  eggs  are  laid  in  each  projection  of  the  adult  chamber. 
The  larvae  are  grub  like,  without  legs.  Their  mines  radiate 
from  the  egg  chamber  for  three-fourths  inch,  tending  not  to 
overlap  and  increasing  in  width  toward  their  ends  where  pupal 
cells  are  constructed.   The  pupal  cells  are  mostly  in  the 
wood,  an  adaptation  which  apparently  permits  the  beetle  to 
inhabit  thin-barked  stems.   The  grayish-black  adults  are 
small,  very  stout  beetles  about  1.2-2.5  mm  long.   A  sharp 
toothlike  projection  is  present  on  the  middle  of  the  frons. 
The  elytra  are  prominently  striated  lengthwise  and  basally 
ridged.   Adult  progeny  exit  through  the  bark,  leaving  circular 
holes  three- -Fourths  i^im  in  diameter. 
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Figure  3. — This  pattern  was  etched  in  the  sapuood  of  mountain 
mahogany  by   the  adults  and  larvae  of  the  bark  beetle, 
Chaetophloeus  heterodoxus  (Casey). 
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LIFE  CYCLE.   Adults  apparently  overwinter  in  their 
galleries  and  eggs  are  deposited  in  March.   Larvae  transform 
to  pupae  by  May  15  and  adults  are  present  by  June  1.   Flight 
and  construction  of  new  egg  chambers  begin  in  late  July.   A 
second  generation  may  occur  but  this  has  not  been  demonstrat 

NATURAL  CONTROL.   Tlie  following  wasps  have  been  reared 
from  infested  stems  and  may  be  parasites  of  the  mountain 
mahogany  bark  beetle:  Cephaloncmia   sp.  (Bethylidae) ,  Eaphyl 
hypothenemi   Ashm.  (Braconidae) ,  Eurytoma  phloeotvihi   Ashm. 
(Eurytomidae) ,  Evythvomalus   sp.  (Pteromalidae) ,  and  Karpin- 
skiella   sp.  (Pteromalidae) . 
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PhZoeosinus   and  remarks  regarding  the  life  history  and 
habits  of  Renocis   heterodoxus .      Pan-Pac.  Entomol. 
31:116-120. 
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DIPTERA:  FLIES 

Cecidomyiidae.Gall  Midges 
Mayetiola  sp.  (  =  Phytophaga):  Bitterbrush  seed  midge 

RANGE  AND  HOST.      Purshia  tridentata   (Pursh)    DC. ,    in 
Idaho   and  Oregon. 

DAMAGE.      Larvae   enter   the  base   of  the   seed  husk   and 
complete  their  development  between  the  husk   and  the   seed. 
Infested  seeds    (fig.    4A)    fail   to   develop  normally   in  width 
and  are   retained  on  the  plant  overwinter,   whereas  healthy 
seed  are   plump  and  drop   in  early  summer.      In    1962,   this 
midge  destroyed  6.8  percent   of  a  sample  of  seed  examined 
east  of  Boise,    Idaho. 
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Figure  4. — Bitterbvush 
fruits  infested  with 
Mayetiola  sip.    wither 
and  persist  on  the 
plant   (A)  after  normal 
seed  drop.      The   "flax 
seed"  stage    (B)  oaaurs 
within  the  seed  husk 
and  contains  the   last 
instar  larva. 


APPEARANCE  AND  HABITS.   One  to  several  eggs  are  laid 
between  the  seed  husk  and  its  calyx  tube.   The  legless, 
orange  larva  attains  a  length  of  2  mm.   It  lacks  a  distinct 
head  and  its  mouth  parts  are  retracted,  appearing  only  as 
a  black  spot.   From  one  to  several  larvae  may  be  present 
inside  the  husk  of  a  single  seed.  They  are  usually  accom- 
panied by  larvae  of  parasitic  wasps,  but  these  are  paler 
in  color.  The  shiny  brown  puparium  (fig.  4B)  is  called  the 
"flax  seed"  stage.   The  adult  is  difficult  to  rear  and  has 
not  been  positively  associated  with  the  immature  stages. 
Adults  of  this  genus  are  typically  very  small,  delicately 
built  flies  with  relatively  long  legs  and  antennae. 

LIFE  CYCLE.  Eggs  are  laid  in  May.   Naked  larvae  are 
present  until  the  second  week  in  June,  after  which  they 
form  puparia  in  which  they  pass  the  winter.   Adults  are 
believed  to  emerge  in  May  and  apparently  survive  for  only 
a  brief  time. 

NATURAL  CONTROL.   The  eulophid  wasps,  Aprostooetus   sp. 
and  Tetrastiahus   sp.  are  common  parasites  of  the  larvae. 

Reference 

Ferguson,  R.  B. ,  M.  M.  Furniss ,  and  J.  V.  Basile.   1963. 
Insects  destructive  to  bitterbrush  flowers  and  seeds 
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Tephritidae:  Fruit  Flies 

Eutreta,  Procecidochares,  and  Aciurina  spp.:  Gall  forming  fruit  flies 

RANGE .   Widely  distributed  in  western  North  America. 

HOSTS .   Commonly  browseland  shrubs,  including  species 
of  Artemisia   and  Chrysothamnus. 

DAMAGE .   These  insects  cause  galls  to  be  formed  on  the 
buds,  flowerhead,  leaf  axils,  leaves,  and  branches  or  twigs. 
When  abundant,  they  give  the  plant  an  unsightly  appearance; 
they  may  also  cause  reduced  growth  and,  in  some  instances, 
plant  mortality. 

APPEARANCE  AND  HABITS.   Eggs  are  laid  singly  in  or  on 
plant  tissue.   A  secretion  from  the  ovipositing  female  or 
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feeding  larva  is  believed  to  cause  a  reaction  by  the  plant 
which  produces  a  specific  kind  of  gall  in  which  larval 
development  occurs.  The  larva  is  small  and  maggotlike. 
The  pupa  is  usually  chunky,  and  enclosed  in  a  dark  brown 
cylindrical  case  within  the  gall.   The  adult  is  variable 
in  size  and  appearance.   Usually  it  has  variegated  or 
pictured  wings  but  some  species  may  have  wings  almost  en- 
tirely black.   The  galls  vary  greatly  in  size  and  appearance. 
They  may  be  hard,  somewhat  pearlike  expansions  of  the  small 
branches:  e.g.,  Eutreta  diana   (Osten  Sacken)  on  Artemisia 
tvidentata   Nutt.;  cottony  white  swellings  or  flowerlike 
swellings  of  the  buds;  green  flowerlike  outgrowths  of  leaf 
axils;  or  sticky  globular  swellings  attached  to  a  stem: 
e.g.,  Aoiuvina  trixa   Curran  on  Chrysothamnus  nauseosus 
(Pall.)  (fig.  5).   Many  of  the  galls  are  similar  to  those 
formed  by  midges  (Cecidomyiidae) . 


Figure  5. — Galls  of     ',•  j'ruit  fly,   Aciurina  trixa  Curran,   on 
a  branch  of  rubber  rabbi tbrush. 
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LIFE  CYCLE.   The  life  cycle  usually  lasts  1  year,  but 
two  or  more  generations  per  year  may  occur.   Adults  are 
active  for  1  to  4  weeks  and  occur  at  specific  times  of  the 
year.   Overwintering  takes  place  as  eggs  or  larvae.   The 
pupal  period  lasts  for  1  to  2  weeks. 

NATURAL  CONTROL.   Many  parasites  of  the  larvae  and  pupa 
have  been  found.  They  appear  to  have  considerable  influence 
on  population  levels  of  the  various  species.   In  Idaho  the 
following  hymenopteran  parasites  have  been  reared  from  the 
galls  of  Eutreta  diana:     Torymus   sp. ,  Enrytoma   sp. ,  Halti- 
aoptera  stella   Girault,  Spiloahalais   leptis   Burks,  Habro- 
cytus   sp. ,  Eupetmus   sp. ,  and  Tetrastiohus   sp.   The  following 
have  been  reared  from  galls  of  Aciurina   spp. :  Eupelmus   sp. , 
Tetrastiohus   sp. ,  Torymus   sp. ,  Eurytoma   sp. ,  Halticoptera 
Stella   Girault,  Amblymerus   sp. ,  and  Braaon   sp. 
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HEMIPTERA:  TRUE  BUGS 

Pentatomidae:  Stink  Bugs 
Chlorachroa  sayi  (Stal):  Say  stink  bug 

RANGE.      All   western  States    and  Alberta,    Canada. 

HOSTS .      Purshia  tridentata   (Pursh)    DC,   grain  crops, 
grasses   and  weeds. 

DAMAGE.      C.    sayi  punctures    and  sucks    juice   from  develop: 
bitterbrush   seeds   during   late   spring.      These   seeds   develop 
necrotic  spots    and  have  only  half  the   germination   capacity 
of  unspotted  seeds.      The  stink  bug  also  drastically  re- 
duces  the  yield  of  wheat   and  other  grains  by  killing  the 
seed  heads   of  infested  plants. 

APPEARANCE  AND  HABITS.      The   egg  is    irregularly  ovoid   in 
shape,    1.2   mm   long,    0.9   mm  wide   at   the   top,    and  0.6  mm  wide 
at   the  bottom.      The  top  is  marked  in   a  bull's-eye  pattern  by 
circles    of  white   and  gray.      From  20   to  50   eggs   are   deposited^ 

22 


usually  in  a  double  row  on  stems,  or  in  clusters  if  laid  on 
larger  surfaces  such  as  a  leaf.   Incubation  period  averages 
9  days.  The  top  of  the  egg  consists  of  a  lid  which  is 
opened  by  the  nymph  with  the  aid  of  a  chitinized  shell 
burster.   The  nymphs  pass  through  five  instars  varying  in 
length  from  1.1  to  10.6  mm.  They  have  rather  prominent 
four- segmented  antennae  (that  of  the  adult  is  five- 
segmented)  .   The  first  three  instars  are  basically  black 
with  the  shelf like  lateral  margins  yellow,  white,  or  red- 
orange  in  each  of  the  first  three  instars,  respectively. 
Additional  areas  of  yellow-white  occur  dorsally.   The  last 
two  instars  are  basically  pale  green;  the  margins  are  white 
with  an  orange  edge.   Wing  pads  first  become  evident  in  the 
fourth  instar.  The  average  total  nymphal  period  is  43  days. 
The  adult  (fig.  6)  is  normally  deep  green  color  but  varies 
from  a  pale  yellowish  green  to  reddish  brown.   During 
hibernation,  its  color  changes  to  greenish  pink.   The  rather 
long  beak  is  hidden  beneath  the  body  and  extends  backward 
to  the  base  of  the  hind  legs.   New  adults  do  not  oviposit 
for  a  month  or  more;  late-developing  adults  do  not  oviposit 


Figure   6. — An 
Adult  Say  stink 
bug  on  hittev- 
hvush.     Feeding 
by  this  bug 
louers  the 
viability  of 
seed. 
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until  the  following  spring.   The  adult  is  not  easily  flushed 
from  its  host  and  is  a  sluggish  flier.   If  touched,  it  exudes 
a  pungent-smelling  liquid  from  two  glandular  openings  near 
the  attachment  of  the  middle  legs. 

LIFE  CYCLE.   With  the  advent  of  cold  weather  in  October 
or  November,  adults  hibernate  in  protected  places  afforded  by 
plant  debris  and  rubbish.  They  emerge  from  hibernation 
during  the  first  warm  days  of  late  April  and  early  May.   Eggs 
are  laid  soon  thereafter.   The  resulting  nymphs  attain 
maturity  about  the  last  week  in  June.   A  second  generation  » 
matures  about  the  first  week  in  August  and  establishes  a    j 
third  generation  chat  matures  about  the  middle  of  September. 
Most  of  the  females  of  this  last  generation  do  not  oviposit 
until  the  following  spring. 


NATURAL  CONTROL.   Winter  kills  any  nymphs  that  have  not 
matured  before  cold  weather  starts.   Eggs  are  parasitized  by 
the  wasp,  Telonomus  ashmeadi   Morril,  and  adults  are  parasi- 
tized by  two  tachinid  flies,  Gymnosoma  futiginosa   Desv.  and 
Oopterodes   euohenor   Walk.   The  first  two  named  parasites 
accounted  for  60  percent  of  the  eggs  and  25  percent  of  the 
adults  in  one  study,  whereas  0.    euehenov   was  uncommon. 

Refevenoe 

Caffrey,  D.  J.,  and  G.  W.  Barber.  1919.   The  grain  bug.   U.S. 
Dep.  Agric.  Bull.  79,  35  p. 


i- 


HOMOPTERA:  APHIDS,  LEAFHOPPERS, 
PLANTHOPPERS,  SCALE  INSECTS,  and  ALLIES 

Coccidae:  Soft  Scales 

Lecanium  cerasifex  Fitch:  Bitterbrush  tortoise  scale 

RANGE   AND  HOST.      Occurs   on  Purshia  tvidentata    (Pursh) 
DC.    in  Oregon,    Idaho,    and  Montana. 

DAMAGE .      The   female   scale   attaches   herself  to  the  host 
plant   and  feeds   on  sap  by  inserting  her  beak   into  a  branch. 
Terminal  branches    that   are  heavily   infested  gradually  die. 
The  possibility  that   a  plant   disease   is   transmitted  has  not 
been   studied. 
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Figure   7. — The  bitterbrush  tortoise  scale  on  bitterbrush 

stems.      The  females  illustrated  here  are  immobile  and 
laden  with  eggs. 
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APPEARANCE  AND  HABITS.   The  scale  has  only  recently 
been  identified  from  bitterbrush  and  has  not  yet  been 
studied  in  detail.  The  white,  oval  egg  measures  0,3  by  0.2  mi 
More  than  200  eggs  are  laid,  hidden  from  view  beneath  the 
female  while  she  is  attached  to  a  branch.   The  nymphs  are 
mobile  and  are  roughly  0.8  mm  long.   Their  appendages  are 
visible  from  above  and  the  body  is  moderately  elongated. 
The  scales  are  probably  disseminated  in  the  nymphal  stage 
by  wind.  The  adult  female  (fig.  7)  is  nearly  hemispherical, 
33  to  40  mm  long,  and  25  to  33  mm  wide.   She  is  immobile, 
though  possessing  inconspicuous  appendages,  and  remains  close] 
attached  to  the  branch  for  the  duration  of  her  life.   Viewed 
dorsally,  the  posterior  of  the  female  has  a  small  slit,  pos- 
sibly used  as  an  exit  by  the  newly  hatched  nymphs.   During 
egg  laying,  the  female  integument  is  somewhat  frosty  in 
appearance  but  becomes  shiny  brown  thereafter.   Infested 
branches  are  moist  with  honeydew  or  sap  in  springtime.   Ants 
and  ladybird  beetles  search  out  and  feed  on  this  liquid. 

LIFE  CYCLE.   The  scale  apparently  has  one  generation 
per  year.   Eggs  are  laid  in  May.   Time  of  hatching  and 
attainment  of  other  stages  have  not  been  studied. 

NATURAL  CONTROL.   An  unidentified  small  wasp  commonly 
parasitizes  the  scales. 


Diaspididae:  Armored  Scales 

Lepidosaphes  ulmi  (Linnaeus):  Oystershell  scale 

RANGE.   A  cosmopolitan  insect;  introduced  into  North 
America  many  years  ago.   It  can  be  found  in  all  the  western 
States  and  Canadian  provinces. 

HOSTS.  Salix,   Amelanchiev ,   Rosa,    and  many  other  kinds 
of  shrubs  and  trees. 

DAMAGE .   Adults  on  limbs  and  branches  suck  the  sap 
and  may  partially  or  completely  kill  the  host  plant. 

APPEARANCE  AND  HABITS.   The  tiny  cylindrical  eggs 
are  deposited  and  retained  under  the  protective  scale  of  the 
female.   Twenty  to  100  are  usually  present.   Newly  hatched 
nymphs  or  crawlers  are  pale  in  color,  flattened,  and  have 
short  legs  and  antennae.  Characteristic  structural  parts  are 
Tacking.   After  wandering  over  the  bark  surface  of  the  host, 
the  nymph  inserts  its  long  slender  mouth  parts  or  stylets 
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Figure  8. — Adult 
female  oyster- 
shell  scales  on 
stem  of  willow. 


into  plant  tissue  and  then  settles  down  for  a  sedentary  life. 
A  characteristic  waxy  secretion  is  deposited  over  the  body. 
The  adult  male  and  female  are  considerably  different  in  appear- 
ance.  The  female  resembles  the  nymph  but  has  a  scaly  covering 
that  is  gray  to  brown,  slightly  annulated,  and  shaped  like 
an  elongate  oystershell  (fig.  8).   It  is  approximately 
one-eighth  inch  long.   The  male  undergoes  a  metamorphosis 
and  upon  emergence  resembles  a  tiny  fragile  fly  with  two  wings 
but  with  aborted  mouth  parts  and  elongate  antennae.   Males 
are  rare  and  parthenogenetic  reproduction  may  be  the  rule 
for  this  species. 

LIFE  CYCLE.   One  to  two  generations  per  year  occur  in 
this  area  depending  upon  local  conditions.   The  eggs  are  the 
overwintering  stage. 

Reference 

Graham,    S.    A.,    and  F.    B.    Knight.      1965.      P.    283-285,    in: 
Principles   of   Forest   Entomology,    4th   ed.      417  p. 
McGraw-Hill,   New  York. 
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Ortheziidae:  Ensign  Scales 
Orthezia  artemisiae  Cockerel  I:  Sagebrush  orthezia 

RANGE ■   California,  New  Mexico,  Nevada,  Washington, 
and  Idaho. 

HOSTS.   Several  species  of  sagebrush,  Artemisia  tri- 
dentata   Nutt.,  A.    tripartata   Rydberg,  and  A.    aaliformioa 
and  others . 

DAMAGE_.   Branches  are  killed  or  weakened  when  large 
numbers  of  individuals  are  present.   No  extensive  plant  mor- 
tality is  known. 

APPEARANCE  AND  HABITS.   The  mature  female  is  covered 
with  long,  fluted,  white  waxy  secretions  that  also  enclose 
the  egg  sac.   Total  length  is  approximately  10  mm.   Partial Iv 
grown  crawlers  are  covered  with  a  white  waxy  secretion  and 
have  a  characteristic  fringe  of  wax  around  the  body.   The 
mature  female  is  most  often  found  on  the  upper  branches  of 
the  host  plant  and  is  tended  by  ants  which  collect  honeydew 
from  her.   In  Idaho,  two  species  of  ants,  Fovmioa   sp.  and 
Dorymyrmex  paramious    (Roger) ,  have  been  associated  with  this 
orthezian. 

LIFE  CYCLE.   Not  known. 

Reference 

Morrison,  Harold.   1952.   Classification  of  the  Ortheziidae. 
U.S.  Dep.  Agric.  Tech.  Bull.  1052,  80  p. 

HYMENOPTERA:  ANTS,  BEES,  SAWFLIES, 
WASPS,  and  ALLIES 

Formicidae:  Ants 

Pogonomyrmex  occidentalis  (Cresson)  and  P.  owyheei  Co\e:  Western 
harvester  ant  and  owyhee  harvester  ant 

RANGE.      Semiarid  parts    of  the  Northwest. 

HOST.      Sagebrush   communities,    where  they  defoliate 
numerous   annual    and  perennial   plant    species,    including 
A.    tridentata. 
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DAMAGE.   These  ants  clear  circular  areas  up  to  30  feet 
in  diameter  of  all  annual  vegetation  and  may  then  defoliate 
and  kill  shrubs  in  the  clearing.   Up  to  8  to  10  percent  of 
a  rangeland  site  may  be  denuded  by  these  ants.   They  also 
devour  seeds. 

APPEARAjNCE  and  habits.   An  underground  nest  is  located 
within  the  center  of  the  cleared  area.   The  nest  may  have 
several  entrances,  usually  associated  with  a  small  mound 
of  soil  and  pebbles.   Within  the  nest  all  developmental  stages 
of  the  ant  can  be  found.   The  larvae  are  small,  shiny  white, 
and  maggot  like  in  appearance.   Pupae  are  enclosed  in  a  tannish 
parchment  like  covering,  through  which  they  are  not  discernible. 
Adults  are  moderate  size,  uniformly  reddish  brown,  and  indis- 
tinctly clothed  with  fine,  pale  hairs.   The  sexual  forms 
are  winged. 

LIFE  CYCLE.   A  colony  is  active  throughout  the  year, 
although  much  of  the  activity  is  beneath  the  soil  surface 
and  is  greatly  influenced  by  temperature  and  moisture.   An 
annual  brood  of  winged  adults  is  produced  which  fly  in  late 
June  or  early  July.   The  workers  can  inflict  painful  stings 
on  man  and  livestock. 

Referenaes 

Crowell,  H.  H.   1963.   Control  of  the  western  harvester  ant, 

Pogonomyimex  oaaidentatis ,   with  poisoned  baits.   J.  Econ. 
Entomol.  56(3) : 295-298 . 

Lavigne,  Robert  J.,  and  Herbert  G.  Fisser.   1966.   Controlling 
western  harvester  ants.  Mt .  States  Reg.  Publ.  3,  4  p. 

Sharp,  Lee  A.,  and  W.  F.  Barr.   1960.   Preliminary  investiga- 
tions of  harvester  ants  on  southern  Idaho  rangelands. 
J.  Range  Manage.  13(3) : 131- 134. 


LEPIDOPTERA:  MOTHS,  BUTTERFLIES,  SKIPPERS 

Ethmiidae:  Ethmiid  Moths 
Ethmia  discosUigella  (Chambers):  Mountain  mahogany  leaf  notcher 


RANGE ■      California,   Oregon,    Idaho,   Nevada,    Utah,    Colorado, 
Arizona,    New  Mexico,   western  Texas,    northern  Chihuahua,    and 
Baja  California. 
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HOSTS .  Ceraooarpus   ledifolius   Nutt.,  C.   montanus   Raf. 
and  C.    minutif torus   A.  Gray. 

DAMAGE .   Feeding  by  the  larvae  creates  irregular  notch( 
in  the  leaf  edges  but  leaves  are  seldom  completely  consumed. 

APPEARANCE  AND  HABITS.   The  egg  is  pink,  1.2  by  6  mm, 
oval,  flattened,  and  somewhat  irregular  in  outline.   Hatchii 
occurs  in  about  10  days  at  room  temperature.  The  mature 
larva  may  attain  19.5  mm  in  length  and  has  either  a  dark 
orange  or  yellow  dorsal  band.   Its  head  capsule  is  orange, 
and  the  remainder  of  the  body  is  either  mottled  blackish 
or  mottled  pale  gray.   Pupation  occurs  within  a  dense,  flat, 
white  cocoon  in  litter,  bark,  hollow  annual  plants,  etc. 
The  pupa  is  brown,  8  to  9  mm  long,  flattened,  and  has  charac 
teristic  "anal  legs"  anchoring  it  to  the  cocoon.   The  adult 
is  attractively  colored  and  marked.   Its  wingspan  is  20  to 
25  mm.   The  forewings,  head,  and  pronotum  are  gray  with  dis- 
tinct black  submarginal  spots  along  the  outer  wing  and  a  few 
elongated  black  spots  along  the  center  of  the  wing  and  on  th 
sides  of  the  pronotum.   The  tips  of  the  forewings  are  silver 
and  one  silver  spot  occurs  toward  the  center.   The  hind  wing 
and  abdomen  are  a  beautiful  satiny  gold.   Adults  are  noctum 
and  are  attracted  to  light.   Oviposition  occurs  at  dusk  and 
after  dark  on  fibrous  surfaces. 

LIFE  CYCLE.   Moths  fly  during  June  at  which  time  eggs 
are  laid.   Larvae  are  present  from  July  through  mid-Septembe 
Winter  is  passed  in  the  pupal  stage. 

NATURAL  CONTROL.  Natural  control  factors  are  unknown 
except  for  two  ichneumon  wasps,  Meteorus  sp.  and  Temeluoha 
sp. ,  reared  from  parasitized  larvae. 

Reference 

Powell,  J.  A.   1971.   Biological  studies  on  moths  of  the  gem 
Ethmia   in  California.   J.  Lepid.  Soc.  25  (Suppl.  3)  :46-.' 

Gelechiidae:  Gelechiid  Moths 

Aroga  websteri  Clarke:  Sagebrush  defoliator 

RANGE .      Northern  California,    eastern  Oregon   and  Wash- 
ington,   southern    Idaho,   Nevada,    Utah,    and  portions   of  westeri 
Montana. 
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HOSTS .  Artemisia  tridentata   Nutt.,  A.    longiloba 
Osterhout,  A.    tvipartata   Rydberg,  A.    nova   Nelson  A. 
arbusaula   Nutt.,  A.    rigida   (Nutt.)  Gray,  A.    oarva   Pursh,  and 
others . 

DAMAGE .   Big  sagebrush  is  most  seriously  affected  under 
low  or  moderate  population  densities  of  the  moth.   Individual 
plants  are  partially  or  entirely  killed  through  defoliation. 
Under  high  population  densities,  entire  stands  involving 
thousands  of  acres  of  the  host  plant  may  be  eliminated. 

APPEARANCE  AND  HABITS.   The  eggs  are  globular,  white 
to  yellowish,  and  approximately  one-half  mm  in  diameter. 
They  are  deposited  singly  or  in  small  groups  on  the  bark 
of  terminal  stems  of  the  host  plant,  but  are  rarely  seen. 
The  larva  is  creamy  white  to  greenish  with  a  dark  head  and 
prothoracic  shield  and  small  dark  spots  on  the  sides  of  the 
body  segments.   Mature  larvae  are  approximately  12  mm  long. 
Newly  hatched  larvae  mine  the  leaves  of  the  host;  as  they 
mature  they  enclose  leaves  and  terminal  branches  in  a  mass 
of  webbing  in  which  they  live  and  feed.   When  disturbed, 
a  larva  drops  from  its  webbing  and  hangs  by  a  silken  thread. 
The  pupa  is  smooth,  brown,  strongly  pointed  at  its  apex, 
and  7  to  10  mm  long.   Pupation  takes  place  in  the  larval 
webbing.   Adults  are  small  gray  moths  with  a  wingspan  of 
about  15  mm.   The  front  wings  are  gray  with  or  without  small 
conspicuous  black  markings.   The  hind  wings  are  paler  and 
have  a  fringe  of  long  gray  hairs  along  the  hind  margin.   The 
adults  are  secretive  and  primarily  nocturnal,  but  will  fly 
when  disturbed  during  the  day.   They  are  attracted  to  lights. 


LIFE  CYCLE.   There  is  one  generation  per  year.   Eggs 
or  tiny  larvae  overwinter  and  resume  their  development  during 
the  spring  and  early  summer.   Pupation,  which  lasts  from 
3  to  4  weeks,  takes  place  in  late  June  and  early  July.   Adults 
live  for  2  to  3  weeks. 


NATURAL  CONTROL.   Twenty  species  of  hymenopterous  parasites 
have  been  associated  with  the  sagebrush  defoliator  in  Idaho. 
Of  these,  an  encyrtid,  Copidosoma  bakeri      (Howard);  an  ich- 
neumonid,  Phaeogenes  arogae   Gittins  and  Henry;  and  a  chalcidid, 
Spiloahalais    leptis   Burks,  are  the  most  abundant.   They  attack 
the  larva.  The  moth  and  the  larva  are  preyed  on  by  two  beetles, 
a  clerid,  Phyllobaenus  subfasoiatus    (LeConte) ,  and  a  carabid, 
Philophuga  amoena   LeConte. 
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Filatima  sperryi  Clarke:  Dark  bitterbrush  leaf  tier 

RANGE  AND  HOST.   Idaho  and  Montana  on  Purshia   tridentat 
CPursh)  DC. 

DAMAGE .   Damage  is  similar  to  that  caused  by  Geteohia 
mandetta   Busck.  and  both  may  occur  on  the  same  plants.   Youn 
larvae  destroy  seed  by  mining  through  the  husk  and  feeding 
within  the  seed.   In  a  local  area  of  southwestern  Idaho, 
5.2  percent  of  the  seeds  were  lost  in  this  manner  during 
1961.   After  emerging  from  the  seed,  larvae  cause  additional 
damage  by  feeding  on  foliage  of  the  shrubs. 

APPEARANCE  AND  HABITS.   The  egg  has  not  been  observed. 
The  mature  larva  is   14  mm   long  and  has  a  shiny  black  head 
capsule,  prothoracic  shield,  and  anal  plate.   The  body  has 
six  dark  brownish  stripes  running  lengthwise.   The  young 
larva  mines  into  a  seed  husk  at  its  middle  and  plugs  the 
entrance  hole  with  silk  which  protrudes  outward  (fig.  9). 
IVhen  through  feeding,  the  larva  exits  through  a  clear  opening 
often  near  the  apex  of  the  husk.   Thereafter,  the  larva  con- 
structs a  silken  tube,  open  at  both  ends,  which  may  web 
together  several  leaves.   If  disturbed,  a  larva  emerges  back- 
ward from  its  tube  by  rapid,  erratic  movements.   The  pupa  is 
formed  within  a  white  silken  cocoon  in  webbing  on  the  plant. 
The  adult  moth  has  a  wingspan  of  15  to  19  mm.    Moths  appeal 
to  be  rather  uniform  dark  brown,  but  under  magnification  the 
forewings  are  somewhat  mottled  orange  and  brown  on  their 
upper  surface.   The  forewings  are  darker  than  the  hindwings 
and  the  trailing  edge  of  the  latter  is  adorned  with  a  fringe 
of  feathery  scales  which  are  nearly  as  long  as  the  width 
of  the  hindwing.   Maxillary  palps  form  hornlike  processes 
that  curve  forward  and  upward  from  beneath  the  head.   The 
moths  are  active  at  night. 
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Figure  9. — Bitterbrush  fruit  damaged  by  mining  of  oater- 
pillars  of   Filatima  sperryi  Clarke.      The  entry 
holes  are  plugged  with  silk  secreted  by  the   larvae. 


LIFE  CYCLE.   Eggs  are  probably  laid  beginning  in  mid- 
August  and  winter  is  probably  passed  in  this  stage  on  the 
plant.   Larvae  are  present  from  early  June  until  early  August 
when  pupation  occurs.   Adults  are  in  flight  from  mid- August 
until  September. 

Reference 

Ferguson,    R.    B. ,   M.    M.    Furniss,    and  J.    V.    Basile.      1963. 

Insects   destructive  to  bitterbrush    flowers   and  seeds    in 
southwestern   Idaho.      J.    Econ.    Entomol.    56:459-462. 


Gelechia  mandella  Busck:  White-collared  leaf  tier 

RANGE  AND  HOST.      Arizona,    Idaho,   Montana,    and  Alberta  on 
Purshia  tridentata    (Pursh)    DC. 
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DAMAGE .   First  instar  larvae  mine  seeds  and  destroy 
them.   Later  instars  feed  on  leaves  which  are  webbed  togethei 
and  retained  on  the  plant.   Infested  plants  are  at  their 
worst  in  appearance  in  late  August.   Damage  was  especially 
notable  in  Valley  County,  Idaho,  during  1962  and  in  Ravalli 
County,  Montana,  in  1968.   The  long-term  effect  of  damage 
by  this  leaf  tier  has  not  been  assessed. 

APPEARANCE  AND  HABITS.   The  egg  has  not  been  observed. 
Larvae  range  in  size  from  2  mm  in  the  first  instar  to  12 
mm  when  mature.  The  head  and  thoracic  shield  are  shiny  black 
The  mesothorax  is  bordered  by  two  conspicuous  white  bands 
and  the  body  is  green  with  seven  cream  colored  stripes  runnir 
lengthwise.   Larvae  of  all  instars  have  an  anal  comb  consist! 
of  two  prominent  recurved  spines.   First  instar  larvae  mine 
seed  (fig.  10);  older  larvae  construct  webs,  open  at  both 
ends,  through  which  they  emerge  to  feed.   When  disturbed, 
larvae  wriggle  violently  backward  from  their  webs,  and  are 
sometimes  called  "nervous  worms."  The  pupa  is  formed  within 
a  white  cocoon  on  the  plant.   Wing  span  of  the  adult  is  7 
to  9  mm.   Background  color  of  the  moth  is  dark  grayish  brown. 
The  front  wings  have  three  or  four  black  dashes  running  lengt 
wise  along  their  middle  area.  The  trailing  edges  of  both 
pairs  of  wings  are  feathery.  The  maxillary  palps  are  hornlik 
and  curve  forward  and  upward  from  the  underside  of  the  head. 
Adults  fly  at  night  and  are  attracted  to  light. 

LIFE  CYCLE.   Eggs  are  apparently  laid  during  late  August 
The  winter  is  probably  passed  in  this  stage  but  possibly 
small  larvae  may  overwinter.   Larvae  have  been  collected  from 
early  June  until  early  August,  at  which  time  pupation  begins. 
Adults  appear  from  mid-August  to  early  September. 

NATURAL  CONTROL.   Larvae  are  parasitized  by  a  tachinid 
fly,  NemorilZa   sp, ,  and  braconid  wasps,  Agathis   n.sp.  and 
Chetonus   sp. 

Geometridae:  Measuringworms  or  Loopers 

Anacamptodes  clivinaria  profanata  (Barnes  and  McDunnough):  Mountain 
mahogany  looper 

RANGE.      Eastern  California,   Oregon,  Washington,   British 
Columbia,    Idaho,    Utah,    and  western  Colorado. 


HOSTS .      Cercooarpus    ledifolius  Nutt.    and  Purshia  tri- 
dentata   (Pursh)    DC. 
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Figure  10. — A 
aaterpitlai'  of 
Gelechia  man- 
della  Busok. 
beside  bitter- 
brush  fruit 
which,  it  had 
infested. 


DAMAGE. 


Defoliation  by  the   loopers    (fig.    IIA)    is   capable 


of  killing  host  plants   extensively  in   relatively  pure  stands. 
In  a  3-year  outbreak,    ending  in   1964,    loopers  killed  50  per- 
cent  of  a  6,000-acre  stand  of  mountain  mahogaiay  in  southwest- 
em    Idaho.      In    1957,    they  similarly  killed  bitterbrush   in 
north  central  Oregon.      Normally,    they  are  present   in  small 
numbers   and  such  destructive  outbreaks   are  rare. 

APPEARANCE  AND  HABITS.      The   green  eggs   are   laid   abun- 
dantly  (70  to  716  per  female)    in  crevices  but   are  rarely 
seen.      The   larva   (fig.    IIB)    is   a  typical   looper  and  varies 
in   length   from  2.3  to  33.0  mm  from  the   first  to  the  fifth 
(last)    instar.      The   larva's  protective  coloration  and  form, 
coupled  with   its  habit  of  resting  motionless   in  a  crotchlike 
position,   make   it  difficult   to  see.      Color  of   larvae  varies. 
On  mountain  mahogany,    they  tend  to  be  marked  with  black 
against  a  cream,   or  sometimes   orange-brown  background.      Larvae 
on  bitterbrush   are  rather  uniform  gray.      Pupation  occurs 
in  the  soil  beneath  infested  trees.     The  pupa  is  naked, 
stout,   and  shiny  brown  and  has   a  four-tined  spadelike  process 


35 


H 


•j<**K?^ 


Figure  11.-- 
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(cremaster)    at   its  posterior.     The  adult  moth  is   grayish 
with  subdued  black   and  brown  markings.     Males   are  somewhat 
more   contrastingly  marked,   are  more   active,   and  have   feather- 
like,  rather  than   filamentlike,   antennae,      Wingspan  is   27 
to  36  mm.      In  daytime  they  rest  on  the  trunk  of  the  host 
but   are  active  at  night, 

LIFE  CYCLE,      Eggs   are    laid  in  June   after  adult   moths 
emerge   from  the  soil.     The   looper  larvae  appear  from  early 
July  to  mid-August,  when  they  drop  to  the   ground  on  silk 
threads   to  pupate   in  the  soil   and  spend  the  winter, 

NATURAL  CONTROL.      Parasites   of  the  pupae   include   a 
tachinid  fly,   Blondslia   (sp,   n,?),   an   ichneumon  wasp, 
MeZccniohneumon  sp.  ,   and  the  pteromalid  wasps,   Tritneptis 
sp.    and  Cyologastretla  deptanata   (Nees,),      The   first  two 
named  parasites   seem  rare;   the  others   are  more  common   and 
are  multiple  parasites;   as  many  as   85  Tvitneptis  emerged 
from  one  host  pupa.      Starvation  played  a  large  part   in  the 
subsidence   of  an  observed  outbreak  in  southwestern   Idaho, 
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Lasiocampidae:  Tent  Caterpillars 
Malacosoma  spp.:  Tent  caterpillars 

RANGE  AND  HOSTS,  Five  species  and  11  subspecies  of 
these  caterpillars  occur  on  numerous  kinds  of  shrubs  and 
trees   in  the  West,      Three  species   are   covered  here. 
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DAMAGE.   Tent  caterpillars  cause  severe  defoliation 
resulting  in  decline  of  vigor  accompanied  by  dieback  of 
branches  and  up  to  90  percent  reduction  of  radial  growth. 
Defoliation  seldom  occurs  more  than  2  or  3  years  in  successic 
but  may  kill  the  plants.  The  caterpillars  are  a  nuisance 
in  some  recreational  areas. 

GENERALIZED  APPEARANCE  AND  HABITS.   All  species  over- 
winter in  egg  masses  attached  to  the  host  plant.   Hatching 
coincides  with  formation  of  the  first  new  leaves.   Larvae  of 
several  species  build  large  tents  (fig.  12A)  in  which  they 
remain  when  not  feeding.   The  larval  stage  lasts  4  to  8 
weeks,  depending  on  weather  conditions.   When  larvae  mature, 
they  are  50  to  65  mm  long  and  they  lose  their  gregarious 
habit.   Pupation  occurs  within  silken  cocoons  (fig.  12B) , 
spun  on  the  host  plant;  cocoons  are  about  1  inch  long  and  are 
dusted  with  white  or  yellowish  powder.   Adults  appear  10  to  1 
days  after  pupation  and  are  active  in  the  evening.   Wingspan 
of  males  is  25  to  30  mm;  that  of  females  is  30  to  35  mm. 
The  antennae  of  males  are  featherlike  while  those  of  females 
are  filiform.   Adults  lack  functional  mouth  parts  and  live 
only  a  few  days. 

LIFE  CYCLE.   Tent  caterpillars  have  one  generation  per 
year. 

NATURAL  CONTROL.   Outbreaks  are  frequently  reduced  to  a 
low  level  by  nuclear  polyhedrosis  virus,  by  numerous  species 
of  parasites  and  predators,  by  starvation,  and  by  prolonged 
unfavorably  low  temperatures.  Among  the  parasites,  the  sar- 
cophagid  fly,  Saroophaga  atdriohi   Parker,  is  reported  to  hav' 
been  important  in  suppressing  M.    distria   in  Minnesota. 


Malaoosoma  distvia   HUbner:   Forest  tent  caterpillar 

RANGE.   Throughout  the  deciduous  forests  of  the  United 
States  and  Canada. 

HOSTS.   Nearly  all  species  of  deciduous  trees  are  fed 
upon.  Poputus   tremulo-ides   Michx.  is  a  preferred  host  but 
other  species  of  Poputus,   as  well  as  Quevcus ,  Alnus.,   Salix, 
BetuZa,    and  Acev   (except  red  maple)  are  also  commonly  defolia! 

DAMAGE.   Defoliation  results  in  decline  of  tree  vigor 
manifested  by  killing  of  branches  and  reduction  of  radial 
growth.   In  Minnesota,  up  to  80  percent  of  the  aspen  trees 
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Figure  12. — Cater- 
pillars  of 
Malacosoma  calif- 
omicum  (Packard) 
build  tents    (A) 
from  which  they 
forage  for  food 
on  100  shrubs 
including  bitter- 
brush  .  Eggs  are 
laid  in  a  mass 
(B)   encircling 
a  stem. 
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died  following  4  or  5  years   of  repeated  defoliation.      Such 
prolonged  outbreaks  have  not  been  reported  in  the  West,   but 
during   1963-64,   especially  severe  defoliation  occurred  in   the 
Idaho  panhandle   area  where   116,000  acres  of  hardwoods  were 
infested  along  river  bottomland. 

APPEARANCE   AND  HABITS.      Eggs   are   laid   in   a  helical 
mass   of   100  to   350  eggs   encircling  a  twig   of  up  to  one-half 
inch  diameter.      The  egg  mass   is   cylindrical  with   flattened 
ends   and  the  eggs   are   cemented  together  with   a  frothy  glue- 
like  substance    (spuraaline) ,   which   is   glossy  dark  brown. 
Newly  hatched   larvae   are  loniformly  black   and  have  conspicu- 
ous hairs.      Mature    larvae  are  blue,   black,   and  gray  with 
a  somewhat  keyhole-shaped  dorsal   spot  on   each   segment,    and 
with  some  yellowish   or  orange  broken   longitudinal    lines. 
The   caterpillars   do  not  build  silken  nests  but  molt   on  thin 
mats   of  silk   spun  on  branches.      The   cocoon   is  often   spun 
between   leaves   and  is   suffused  with   a   lemon-yellow  powder. 
The   adult   is    light  buff  brown  and  has   a  stout  body.     The 
forewings   have  two  dark   oblique   lines  near  the  middle. 

Malaoosoma  aalifomioim   (Packard)  :      Western  tent   cater- 
pillar 

RANGE  AND  HOSTS.      Throughout  western   and  northern  North 
America.      Six  subspecies   are  distributed  around  the  periphery 
of  a  large  central  population.      They   include  two  subspecies 
(M.    oatifomiovm  pluviate    (Dyar)    and  M.    oatifomicum  fvagile 
(Stretch)      that  were   formerly  considered  to  be  separate 
species . 

The   central   population  of  M.    oalifomiaim   (Packard) 
occurs    in  a  large  heterogeneous   area  including  most   of  the 
Great   Basin,   the  Rocky  Mountains  within  the  United   States, 
the  mountains   of  the  Southwest,   eastern  Oregon  and  Washington, 
and  parts   of  northern  California.      It   infests  many  hosts, 
including  Purshia  tridentata   (Pursh)    DC. ,   Ceanothus ,   Salix, 
Cercooarpus J   Rosa,   Ribes,   Amelanohiev,   Populus  tremuloides 
Michx. ,    and  others.      Particularly  severe  defoliation  has 
been  recorded  on  bitterbrush   in  the   Great   Basin,    and  on 
aspen  at  higher  elevations   in  Colorado,   New  Mexico,   Arizona, 
and  Utah.      In  New  Mexico,   damage  caused  by  caterpillars 
has  prevented  the  growing  of  aspen  commercially. 

M.    oatiformioim  pluviale    (Dyar)    occurs  west  of  the 
Cascades   in  Oregon   and  Washington,   and  in  the  northern  Rockies 
west  of  the  Continental   Divide,   as  well   as   in  the  boreal 
forests   of  Canada  east  to  Quebec  and  in  the  northern  fringes 
of  the   Lake  States.      Common  hosts   are  Alnus,   Salix,    fruit 
trees,    and  various   other  Rosaceae. 
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APPEARAMCE  AND  HABITS.   The  highly  variable  life  stages 
of  this  species  make  meaningful  descriptions  difficult. 
As  a  rule,  any  tent  caterpillar  found  west  of  the  Central 
Plains  which  builds  a  large  tent  is  probably  some  form  of 
M.  oali-formioum   unless  it  occurs  along  watercourses  or  at 
lower  elevations  in  the  Southwest  where  M.    incuwim   is  found. 
Eggs  are  laid  in  a  mass  partially  encircling  twigs  and  are 
covered  with  a  grayish  to  brownish  spumaline.  The  adult 
is  basically  yellowish  to  brownish  with  a  pair  of  contrasting 
lines  across  the  forewings. 


Malaoosoma  oonstrictum   (Henry  Edwards) :   Pacific  tent 
caterpillar 

RANGE  AND  HOSTS.   Western  Washington  and  Oregon,  Cali- 
fornia, and  Baja  California.  The  subspecies  M.    oonstriotim 
constrn-otwn   (Henry  Edwards)  occurs  in  the  Pacific  Northwest 
and  to  the  San  Bernardino  and  San  Gabriel  Mountains  of  Cali- 
fornia.  It  oviposits  on  QuevaiLs   and  defoliates  it,  but  the 
older  larvae  may  feed  on  many  other  trees  and  shrubs. 

APPEARANCE  AND  HABITS.   Eggs  are  laid  in  a  helical 
band  completely  encircling  small  twigs.   The  eggs  are  covered 
with  bright  yellow  spumaline  composed  of  large  transparent 
bubbles.   Mature  larvae  are  predominantly  whitish  laterally 
and  blue-white  dorsally  with  no  middorsal  marks,  but  each 
segment  has  an  hourglass-shaped  dorsal  orange  blotch  with 
a  black  spot  on  either  side  of  the  neck  of  the  hourglass. 
Dorsal  setae  are  orange  and  lateral  setae  are  white;  both 
are  conspicuously  tufted.   Black  markings  are  mixed  with 
the  other  colors.   Small  tents  are  made  by  the  larvae  prior 
to  molting.   Cocoons  are  fairly  tightly  constructed,  have 
no  outer  envelope  of  silk,  and  are  dusted  with  a  white  powder. 
Adult  males  are  usually  light  yellow,  with  wings  crossed 
by  two  dark  lines,  the  outline  usually  meeting  the  anterior 
margin  at  a  right  angle.   Females  are  usually  dark  reddish- 
brown,  dusted  with  whitish-yellow  scales. 
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Lymantriidae:  Tussock  Moths 
Hemerocampa  vetusta  gulosa  (Boisduval):  Western  tussock  moth 

RANGE.      California,   Nevada,   Oregon,   Washington, Idaho, 
and   British   Columbia. 

HOSTS .      Purshia  tridentata   (Pursh)    DC. ,   Salix,  Aroto- 
staphylos,   Quercus^    and  numerous  kinds   of  fruit   trees. 

DAMAGE .      The   caterpillars   feed  on   leaves   and  fruit, 
causing  much   damage.      Healing  of  the   feeding  injury  on  young 
apples   gives   a  scabby  appearance  and   lowers   their  market  value 
During   1958-59   and   1963-64,   extensive  areas   of  bitterbrush  war 
severely  defoliated  in   the  vicinity  of  Reno  and  Carson  City, 
Nevada.      Some  twigs  were  killed.      In   1957,   this   insect  was 
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rated  as  the  most  economically  important  orange-worm  pest 
on  citrus  in  California.   In  that  year,  approximately  10,000 
acres  of  citrus  were  infested  with  caterpillars  varying  in 
number  from  30  to  1,000  per  tree.  Within  a  6-week  period, 
heavy  infestation  may  destroy  all  the  new  spring  flush  of 
growth  and  up  to  80  percent  of  the  newly  set  fruit. 

APPEARANCE  AND  HABITS.   The  egg  (fig.  13A)  is  1.2  mm  in 
diameter  and  is  opaquely  white.  The  shell  is  rather  tough 
and  is  depressed  at  one  end.   Eggs  are  laid  in  closely  matted, 
white,  felty  masses  upon  the  old  cocoons.  The  majority  of 
egg  masses  are  deposited  on  stems  within  a  foot  above  ground. 
During  oviposition,  the  female  is  atop  the  egg  mass  as  though 
she  were  attempting  to  brood  it  or  protect  it  as  a  hen  would 
her  eggs.   The  mature  caterpillar  Cfig-  13B)  attains  a  maximum 
length  of  22  mm  and  is  black  with  numerous  bright  red  and 
yellow  tubercular  spots;  each  red  spot  is  the  source  of  long, 
radiating  gray -white  hairs.   There  are  four  median-dorsal 
tufts,  uniform  honey  color  or  whitish,  sometimes  tipped  with 
black,  and  two  long  anterior  black  tufts  and  one  posterior 
black  hornlike  tuft.   When  small,  the  hairy  caterpillars 
are  dispersed  by  wind.  The  cocoon  is  loosely  composed  of 
grayish -white  silk  and  incorporates  many  of  the  larval  hairs. 
The  male  pupa  is  12  mm  long,  glossy,  translucent  brownish 
black,  with  the  wing  pads  coming  down  to  the  abdominal  segments, 
and  the  conspicuous  featherlike  antennae  curving  down  from 
the  head  like  a  ram's  horns.  The  female  pupa  is  about  16 
mm  long,  glossy,  translucent  light  yellowish  brown,  with 
shorter  wing  pads  and  less  conspicuous  antennae;  the  short 
airlike  antennae  curve  down  and  parallel  the  palpi.  The 
female  moth  is  12-15  mm  long  when  gravid  but  much  smaller 
after  oviposition  has  occurred.   She  lacks  the  ability  to 
fly,  having  only  rudimentary  wings.  Her  integument  is  glossy 
black  and  is  almost  completely  covered  with  long,  wavy  pinkish- 
gray  hair.   The  adult  male  is  winged,  with  an  expanse  of 
20  to  27  mm.   It  is  generally  brownish  with  grayish-white 
and  dark  brown  markings.   At  rest,  its  wings  form  a  triangular 
outline  from  above. 

LIFE  CYCLE.   A  single  generation  occurs  per  year  in 
most  locations,  although  there  may  be  two  in  southern  California. 
Depending  on  climate  of  the  area,  adult  moths  are  present 
from  May  through  July,  during  which  time  eggs  are  laid.   In 
Idaho  and  Nevada,  eggs  are  laid  only  in  July. 

NATURAL  CONTROL.  The  eggs  are  parasitized  by  two  wasps: 
Ooenoyrtus  oalifornious   Girault  (Encyrtidae)  and  Telenonrus 


43 


Figure  IS. — The  westevn  tussook  moth  overu-inteTs  in  egg 
masses    (A)   attached  to   Ceanothus  velutinus  and  other 
shrubs.     The  hairy  oaterpitZars   (B)   are  disseminated 
by  wind  when  very  young. 
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sp. ,  prob.  oalifornious   Ashm.  (Scelionidae) ,  and  preyed  on 
by  a  beetle,  Trogoderma  steimale   Jayne  var.  CDermestidae) . 
Larvae  are  parasitized  by  three  ichneumon  wasps:  Iseropus 
ovgyiae    (Ashw.],  Coaoygomimus  sanguinipes   (Cress.) >  and 
Phobooampe   sp. ;  a  braconid  wasp,  Bvaoon  xanthonotus   Ashm.; 
a  pteromalid  wasp,  Braahymeria  ovata  abiesae    (Gir.);  and  a 
tachnid  fly,  Patelloa  fussoimaoula   Aid.  and  Webb.   Pupae  are 
preyed  on  by  the  anthocorid  bug,  Lyotooori-s  oampestris    (¥.). 
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Nymphalidae:  Brush-footed  Butterflies 

Nymphalis  antiopa  Linnaeus:  Morning-cloak  butterfly 

RANGE.      Widely  distributed;    occurs   throughout  much 
of  the  Northern  Hemisphere. 

HOSTS .      Mainly  Salix,   Ulmns,    and  species   of  Poputus 
(especially  P.    tremuloides  Michx.)   but   also  recorded  on 
Betulaj  Alnus,   Aoer,   and  rarely  other  trees. 

DAMAGE.      The  newly  hatched  caterpillars   skeletonize 
leaves  but   larger  caterpillars  devour  all   except   the  midrib, 
Occasionally,   very  severe  defoliation  occurs   locally. 

The  orange-brown  eggs    are  sub- 


cylindrical,   ribbed,   and  rounded  at  their  ends.      They  are 
laid  in   clusters   of  20  or  more,   encircling  a  twig.      The 
caterpillar   (fig.    14)    is  black  with  short  pale  hairs   and 
numerous    long  black   forked  spines.      A  single  row  of  rich  red 
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Figure   14. — Caterpitlax's  of  the  mounming -cloak  butterfly 
feed  gregariously  on  willow  leaves.     Their  prominent 
spines  provide  them  protection  against  some  enemies. 
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spots  extends  down  the  center  of  the  back  of  the  abdomen. 
The  head  of  the  caterpillar  is  round,  black,  and  hairy.  The 
thoracic  legs  are  shiny  black  and  the  claspers  on  the  prolegs 
are  dull  red.   Newly  hatched  larvae  feed  side  by  side,  with 
their  heads  toward  the  margin  of  the  leaf.   A  silk  thread 
is  deposited  by  the  caterpillars  as  they  travel  from  leaf 
to  leaf,  making  a  sort  of  carpet.   Eventually,  this  webbing 
becomes  conspicuous  and  may  bind  together  neighboring  twigs. 
The  pupa  is  22  to  25  mm  long,  brown  with  gray  or  purple  bloom, 
and  its  shape  resembles  that  of  the  California  tortoise- 
shell  (see  below).   Like  that  species,  the  pupa  hangs  head 
downward,  attached  to  the  plant  by  silk  to  which  it  anchored 
its  anal  claspers  while  still  a  larva.  Wingspan  of  the 
beautiful  purple-black  butterfly  is  50  to  70  ram.   The  outer 
edges  of  the  wings  are  bordered  with  a  yellow  stripe  inside 
of  which  is  a  row  of  blue  or  purple  spots.   Two  yellow  spots 
occur  toward  the  tip  on  the  leading  edge  of  the  forewings. 

LIFE  CYCLE.   Though  the  occurrence  of  multiple  broods 
has  been  suggested,  one  generation  per  year  seems  to  be  normal 
over  much  of  its  range.   The  butterfly  hibernates  overwinter 
and  appears  in  flight  on  sunny  days  during  spring.   Eggs 
are  found  during  May  and  June,  hatching  in  about  2  weeks. 
In  northern  areas,  the  caterpillars  appear  throughout  the 
summer  and  pupae  begin  to  appear  in  late  June.   Duration 
of  the  larval  and  pupal  stages  of  an  individual  averages 
4  and  2  weeks,  respectively. 

NATURAL  CONTROL.   Eggs  of  the  mourning-cloak  are  para- 
sitized by  the  scelionid  wasp,  Teleonomus  gvaptae   Howard. 
Other  wasps  that  parasitize  caterpillars  are  reported  to 
include  the  ichneumons,  Itopleotis   aonquisitor   (Say)  and 
Hoptismenus  morulus  morulus    (Say);  the  pteromalids, 
Pteromalus  fuscipes    (Provancher) ,  P.  puparum   (Linnaeus) , 
and  P.    vanessae   Harris;  and  the  chalcids,  Bvaohymevia 
GompsiluroB    (Crawford),  and  B.    ovata  ovata   (Say). 
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Nymphalis  californica  (Boisduval):  California  tortoise-shell 

RANGE.   Throughout  the  Western  United  States;  occasionally 
overwinters  on  Vancouver  Island,  British  Columbia. 
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HOSTS .   Most  often,  snowbrush  {Ceanothus  velutinus) 
and  mountain  whitethorn  (C.  oordutatus) ,   but  also  recorded 
on  Amelanahier,   Salix^  ATotostaphylos ,   wild  lilac,  other 
shrubs,  and  alfalfa. 

DAMAGE .   Destructive  outbreaks  have  occurred  on  Ceanothui 
in  many  localities  in  northern  California,  especially  during 
1911,  1932,  and  1951.   In  1959,  the  caterpillars   severely 
defoliated  snowbrush  in  the  Cascade  Mountains  of  Oregon  and, 
in  1959  and  1961,  locally  severe  damage  occurred  in  southwest 
Idaho. 

APPEARANCE  AND  HABITS.   The  eggs  are  thought  to  be 
laid  in  a  cluster,  encircling  a  twig,  as  are  those  of  N. 
antiopa.      The  caterpillar  attains  a  length  of  23  to  35  mm 
when  mature.   It  is  black  with  fine-branched  spines  on  each 
segment.   Down  the  middle  of  the  back  is  a  row  of  bright 
yellow  spines  mounted  in  blue  tubercles,  between  which  are 
numerous  yellowish  dots.   The  naked  pupa  (fig.  15)  is  20 
to  22  mm  long,  resembling  a  serrated  crescent  in  shape,  and 
with  a  rather  shiny  brown  surface.   It  hangs  downward,  headfi: 
attached  to  a  branch  by  silk  and  its  anal  claspers.   Stout 
points  arise  from  the  dorsal  and  lateral  surfaces  and  from 
the  front  of  the  head.   A  sharp  constriction  between  the 
thorax  and  abdomen  contributes  to  a  triangular  shape  of  the 
forebody  in  lateral  view.   When  disturbed,  pupae  thrash  wildl; 
from  side  to  side.   The  butterfly  (fig.  15)  has  a  wingspan 
of  50  to  65  mm.   Its  color  is  brown  and  deep  brown  above, 
distinctly  marked  with  black  spots  and  border.  The  hind 
wings  have  a  single  large  basal  black  spot  and  a  submarginal 
row  of  purple  spots.   The  undersurface  is  marbled  fawn  and 
various  shades  of  brown  with  a  narrow  irregular  submarginal 
purple  line  on  both  pairs  of  wings.   During  migration  to 
and  from  its  winter  hibernation  sites  it  has  often  attracted 
attention.   One  observer  estimated  that  600  butterflies  per 
minute  passed  between  two  trees  50  feet  apart. 

LIFE  CYCLE.   There  is  a  single  generation  per  year. 
Eggs  are  laid  in  spring  by  adults  that  have  hibernated  over- 
winter.  Larvae  are  present  until  the  latter  part  of  June 
to  mid-July,  at  which  time  they  pupate.   Migrating  adults 
begin  to  appear  in  late  July  and  are  abundant  in  early  August. 

NATURAL  CONTROL.   A  multiple  pteromalid  parasite,  Ptero- 
malus  vanessae   How.,  commonly  destroys  pupae  in  Idaho.   In 
California,  adults  have  reportedly  been  fed  on  by  the  Brewer 
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Figure   15. — A  j'resnLy  emerged  adult  Californi-a  tortoise  shell 
butterfly  hangs  from  its  chrysalis  on  a  defoliated 
shrub.      Other  ohvysalids ,   and  pupae^   hang  head  downward 
from  the  branches. 


blackbird,  and  caterpillars  are  eaten  by  ants  and  golden- 
mantled  ground  squirrels.   Chipmunks  have  been  seen  eating 
the  pupae.   Severe  hailstorms  in  the  mountains  during  late 
summer  probably  take  a  toll  of  the  migrating  butterflies. 
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Psychidae:  Bagworm  Moths  i 

Apterona  crenulella  (Bruand)  form  helix:  Snailcase  bagworm 

RANGE.      Native   to  Europe;    first   found   in   the   United 
States    (in  California)    in   1940   and  now  occurs   also  in  Nevada, 
Utah,    and   Idaho. 

HOSTS .     Artemisia  tvidentata  Nutt.,   Ceroooarpus   ledifoli 
Nutt.,   and  species   of  Chrysothamnus,   Sal-iXj  AtripleXj    and 
Prunus   as  well   as  many  other  plants. 

DAMAGE.      The  most  notable  outbreak   of  this    defoliator 
occurred   in   Box  Elder  County,   Utah,    during   1950-55,   when 
5,000   acres   of  rangeland  were   severely  damaged.      Substantial 
areas   elsewhere   in  that   State  have   also  experienced  outbreaks 
of  the  bagworm.      In  California,   some   commercial   crops  have 
been  considerably  damaged  when  populations  were  high.      For 
example,   55  percent   of  the   leaf  surface  of  garden  plants   and 
20  percent   of  the   leaf  surface   of  apple  trees  have  been  de- 
stroyed in   local   areas.      At   first,    feeding  by   larvae  creates 
concavities    1/32-   to   1/16-inch  diameter  on  either  leaf  surfaci 
These   increase  to  one-eighth   inch   as  the   larvae  grow.      Additii 
ally,    larvae   feed  outward  from  these  openings,    creating  a 
cavity  between  the   leaf  surfaces   averaging  one- fourth  by 
three-eighth   inch. 

APPEARANCE   AND  HABITS.      The   egg  is  pale  yellowish  white, , 
soft   shelled,      and  somewhat   elongate.      From   10   to   30   eggs 
are   laid  per  female.      Newly  hatched   larvae  are  about    1  mm 
long,    increasing  to  6  to  7  mm  at  maturity.      Larvae  are  greenij 
to  reddish-gray  with   similar  colored  thoracic  and  anal   plates. 
The  head  is  nearly  black.      The  thorax   is   robust,   being   at 
least  twice   the  diameter  of  the  tip  of  the  tapered   abdomen. 
The  thoracic   legs   are  very  strong  whereas   the  prolegs   are 
reduced  to  crotchets   and  are  nonfunctional.      The   larva  is 
curled  in  shape.      The  snail-like  case    (fig.    16)    is   constructed 
by  the   larva  with   silk  and  soil   particles.      It   contains   a 
lateral   opening   in  the  upper  whorl  through  which   fecal  matter 
is   extruded.      The   case   is   held  upright  and  the   larva  moves 
about  with  the   forepart   of  the  body  projecting  from  the   case. 
The  pupa  is  5  to  6  mm  long,    curved  in  a  gentle  spiral   form, 
yellowish-brovm  and  slightly  diminished  anteriorly.      Only 
parthenogenetic  females   appear  to  have  been  introduced   into 
the  United  States,    although  males   occur  in  Europe.      The  adult 
female  moth   is  wingless,   nearly  legless,    and  without   functioni 
mouth  parts,    antennae  or  faceted  eyes.      She   is   in   fact  merely 
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Figure  16. — Snail-like 
cases  oontaining 
larvae  of  Apterona 
crenulella  (Bruand) 
on  bitterhrusk. 


a  specialized  egg-laying  device.   Her  body  is  5  to  6  mm  long, 
curved  in  a  spiral  form,  and  gray  with  brownish  dorsal  area. 
Sparse  white  hairs  occur  on  the  body  with  more  dense  lateral 
tufts  near  the  tip  of  the  abdomen. 

LIFE  CYCLE.   The  bagworm  has  one  generation  per  year. 
Larvae  overwinter  within  the  pupal  skin  of  the  parent.  They 
emerge  to  begin  feeding  in  mid-April.   During  July,  they 
seek  out  high  points  (fenceposts,  buildings,  and  trees)  on 
which  to  attach  themselves  over  winter.   Pupation,  transforma- 
tion to  the  adults,  and  reproduction  all  occur  during  July. 
Eggs  hatch  within  3  weeks. 
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Saturniidae:  Giant  Silkworm  Moths 


Hemileuca  spp.:  Buck  moths  and  day  moths 

The  taxonomy  of  these  moths  is  confused  and  their  biology 
is  not  well  known.   Four  of  the  better  known  species  are 
described  below. 

APPEARANCE  AND  HABITS.   Eggs  are  deposited  in  masses 
encircling  a  stem  of  the  host  plant.  The  larvae  feed  in 
colonies  but  do  not  spin  tents.   When  caterpillars  are  numer- 
ous, plants  are  completely  stripped  of  foliage.   The  cater- 
pillars are  mostly  black,  with  various  yellow  or  red  markingss 
depending  on  the  species,   Niimerous  branched  urticating  spine- 
cause  painful  welts  on  contact  with  humans  and  severely  infla 
the  mouths  of  livestock  if  ingested.   Some  species  of  Hemileu 
spin  a  loose  cocoon  on  the  plant  or  in  plant  litter,  but 
those  referred  to  by  some  as  Pseudohazis   pupate  in  loose  soil 
without  a  cocoon.   Adults  may  hang  in  clusters  on  plants. 
Most  species  (including  all  =  Pseudohazis)    are  day- flying 
moths  with  main  flights  occurring  early  in  morning  or  late 
in  afternoon, 

LIFE  CYCLE,   Species  that  occur  in  warmer  areas ,  such 
as  Hemileuca  eglantevina      (Boisduval)  {=Pseudohazis)    in  Cali- 
fornia, have  one  generation  annually.  The  winter  is  spent 
as  a  first  instar  larva  within  the  egg.   Larval  feeding  occur: 
during  spring  and  summer.   Pupation  occurs  in  late  summer 
and  the  adult  moth  emerges  and  oviposits  in  the  fall.   Specie; 
such  as  Hemileuca  hera   Harris  {^Pseudohazis)    that  inhabit 
cooler  areas,  have  a  2-year  life  cycle.   They  hibernate  as  a 
first  instar  larva  within  the  egg  during  the  first  winter, 
and  as  a  pupa  during  the  second  winter.   Adults  are  present 
generally  from  mid- July  through  August. 


Hemileuca  nevadensis   Stretch:  Nevada  buck  moth 

RANGE.   New  Mexico,  Arizona,  California,  and  Idaho. 

HOSTS .   Mainly  willow  and  poplar  but  may  include  a 
number  of  other  deciduous  trees  and  shrubs.   Damage  is  sometini 
severe  locally. 

APPEARANCE.   This  moth  has  a  white  wing  band  occupying 
about  half  of  the  total  wing  area.   Wingspan  is  70  to  75  mm. 
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EemileuQa  eglanterina   (Boisduval)  (=Pseudohazis) :   Pacific 
day  moth. 


RANGE.   Subspecies  eglanterina- -California,   Oregon, 
Washington,  British  Columbia,  Montana,  and  northwestern  Wyo- 
ming.  Subspecies  shastaensis   (Grote)-- limited  to  the 
southern  part  of  the  Cascade  Mountains.  The  caterpillars 
cause  economic  damage  to  range  shrubs  and  cultivated  plants. 


HOSTS .  Ceanothus   preferably;  larvae  feed  on  a  wide 
variety  of  plants  including  Salix^  Arotostaphylos ,   Prunus, 
Rosa^    and  fruit  trees. 


APPEARANCE  AND  HABITS.   The  moth  has  a  wing  expanse 
of  65  to  75  mm.  Wings  are  yellow  with  conspicuous  black 
markings  including  an  eye-spot  and  an  erratic  outer  band. 
A  golden  yellow  stripe  extends  from  the  eye-spot  of  the  front 
wing  toward  the  margin.  Moths  appear  in  fall  and  fly  in 
daytime.   Eggs  are  orange  color.  The  first  instar  larvae 
remain  inside  the  eggs  over  winter  and  emerge  in  spring. 
Mature  caterpillars  are  50  to  60  mm  long,  dark  brown,  or 
dull  black,  with  reddish  dorsal  spots  and  a  narrow  red  line 
on  each  side.   They  are  covered  with  stout,  many  branched, 
black  and  tan  spines.   Pupation  occurs  in  plant  litter. 


NATURAL  CONTROL.   Larvae  are  parasitized  by  an  ichneumon 
wasp,  Apanteles  eleotrae   Vier. 


Hemiteuoa  hera  heva   (Harris)  {-Pseuddhazis')  :    Great  Basin 
day  moth 

RANGE:   Throughout  the  Great  Basin  from  the  eastern 
slope  of  the  Sierra  Nevada  to  the  Rockies,  and  from  the  Snake 
River  into  Arizona  and  New  Mexico. 

HOSTS .  Symphoriaarpus J   which  is  often  completely  defoli- 
ated in  areas  of  northern  Utah;  also  commonly  Artemisia. 

APPEARANCE.  The  color  of  this  moth  is  usually  a  rather 
clear,  contrasting  golden  yellow  and  black,  but  white  and 
black  variations  also  occur.  Near  its  eastward  limit  a  very 
dark  form  predominates.   It  differs  from  H.    eglanterina   by 
lacking  a  golden  stripe  between  the  eye-spot  and  wing  margin. 
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Hemileuca  nuttalli  nuttalli    (Strecker)  (=  Pseudohazis) : 
Nuttall's  day  moth 

RANGE.    From  the  Snake  River  northward  in  Idaho  and    ! 
eastward  into  western  Wyoming  and  Montana. 

HOSTS .  Artemisia,   preferably,  which  it  often  severely 
defoliates  in  the  area  south  of  West  Yellowstone. 

APPEARANCE .   The  forewings  are  basically  lavender  and 
black  while  the  hind  wings  are  golden  yellow  and  black.   A 
yellow  stripe  similar  to  that  of  H.    eglanterina   extends  from 
the  front  eye-spot. 
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Tortricidae:  Leafroller  Moths 
Synnoma  lynosyrana  Watsingham:  Rabbitbrush  webbing  moth 

RANGE .  Discontinuous  in  rangeland  areas  of  the  West. 
It  is  known  from  northern  California,  Idaho,  Nevada,  Utah, 
Arizona,  Montana,  Colorado,  and  New  Mexico. 

HOSTS .  Chrysothamnus  nauseosus  (Pall.)  Britt.  and  C. 
vis oidif torus    (Hook.)  Nutt. 

DAMAGE .   Defoliation  by  this  insect  is  usually  confined 
to  local  situations  and  rarely  results  in  extensive  plant 
mortality.   Observations  made  in  southern  Idaho  indicate  that 
infestations  can  cause  partial  killing  and  weakening  of  plants 
especially  green  rabbitbrush. 

APPEARANCE  AND  HABITS.  Eggs  are  spherical,  laterally 
flattened,  about  0.4  mm  in  diameter,  black  with  a  somewhat 
granular  surface.  They  are  deposited  in  two-row  masses  in 
an  overlapping  fashion  with  approximately  100  eggs  per  mass. 

54 


They  are  most  commonly  located  on  small  twigs  or  grass  and 
debris  on  or  at  the  base  of  the  host  plant.   The  larva  is 
cream-colored,  not  conspicuously  hairy,  with  the  head  and 
prothoracic  shield  brown.   The  mature  larva  is  18  to  24  mm 
long.   The  young  larvae  web  leaves  together  and  feed  within 
the  small  webbing  mass.   As  the  larvae  mature,  more  leaves 
as  well  as  branches  are  webbed  together.   Six  or  more  main 
stems  may  be  enclosed  in  a  webbing  mass  which  can  contain 
the  webbing  tunnels  of  up  to  eight  larvae.   The  pupa  is  dark 
brown,  8-1/2  to  17  mm  long.   Pupation  occurs  in  the  webbing 
mass.   Adults  emerge  only  in  the  early  morning  and  are  active 
only  during  the  day.   Most  of  the  body  and  wings  are  covered 
with  orange  to  brown  scales  and  hairs  that  are  intermixed 
with  white  and  black  scales.   Some  of  the  dark  scales  on 
the  wings  are  erect.   The  abdomen  is  black.   Tlie  wing  expanse 
is  15  to  22  mm.   Gravid  females  are  unable  to  fly. 

LIFE  CYCLE.   Eggs  overwinter  and  hatch  in  the  early 
spring.   Larvae  are  active  throughout  the  spring  and  summer 
and  pupation  occurs  from  mid-August  to  mid-October  and  lasts 
approximately  6  weeks.   Adults  begin  to  emerge  in  late  September 
and  have  been  found  active  in  the  field  as  late  as  early 
November. 

NATURAL  CONTROL.   Seven  species  of  parasites  have  been 
found  associated  with  the  rabbitbrush  webbing  moth.   The 
most  important  appear  to  be  Triohogramma  minutvim   Riley  which 
is  associated  with  the  eggs  and  Glypta   sp.  and  Dibraahys  aavus 
(Walk.)  which  have  been  reared  from  the  larvae. 
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THYSANOPTERA:  THRIPS 

Thripidae:  Common  Thrips 

Frankliniella  occidentalis  (Pergande):  Western  flower  thrips 

RANGE.      Throughout  western  North  America  from  sea   level 
to  subalpine   altitudes. 
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HOSTS.   Include  Purshia  tvidentata   (Pursh)  DC. ;  nearly 
every  flowering  plant  may  be  infested,  especially  the  Legura- 
inosae,  Compositae,  and  Crucifera, 

DAMAGE.   This  thrips  enters  bitterbrush  flower  buds 
and  feeds  on  the  developing  parts  of  the  flowers.   Damage  att 
this  stage  may  prevent  formation  of  some  seed. 

APPEARANCE  AND  HABITS.   The  opaque,  reniform  egg  is 
inserted  in  the  parenchyma  cells  of  leaves,  flower  parts, 
and  fruits.   It  hatches  in  6  days  at  room  temperature.   The  | 
tiny  first  instar  nymph  emerges  from  the  surface  of  the  planti'i 
tissue  headfirst  and  molts  in  about  3  days.  The  active  secon»4 
instar  nymph  is  golden  yellow.   After  about  6  days  the  nymph  i[: 
undergoes  two  quiescent  stages  (pseudopupa) .   These  last 
about  a  week  and  terminate  in  the  adult  stage.   Adults  vary 
in  color,  there  being  a  pale  form  which  is  mostly  white  and 
yellow;  an  intermediate  form  which  has  an  orange  thorax  and 
a  brown  abdomen;  and  a  dark  brown  form.  They  are  slender 
and  about  1  mm  long,  with  the  wings  narrow,  fringed,  and 
usually  inconspicuous.  They  are  secretive  and  seek  the  seclu 
provided  by  flowers.   Their  capacity  to  fly  is  limited.   The 
adult  initiates  flight  by  first  arching  its  abdomen  upward. 
It  then  spreads  its  wings  and  releases  its  grip,  causing 
it  to  be  propelled  end  over  end.  It  readily  catches  fast 
to  whatever  it  strikes.   The  females  reproduce  either  parth- 
enogenetically ,  when  they  produce  only  males,  or  by  mating 
with  males. 

LIFE  CYCLE.   Numerous  generations  occur  annually,  influer 
greatly  by  climate.   In  areas  having  a  cold  winter,  the  over- 
wintering population  tends  to  be  adult  females.   A  large  in- 
crease in  numbers  of  thrips  occurs  in  spring  with  the  resump- 
tion of  warm  weather  and  blossoming. 

Referenae 

Bryan,  Douglas  E.,  and  Ray  F.  Smith.   1956.   The  Frankliniella 
ocoidentatis    (Pergande)  complex  in  California  (Thysan- 
optera:  Thripidae) .   Univ.  Calif.  Publ.  Entomol. 
10:359-410. 
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IMPORTANT  MITES 
ACARINA:  MITES  AND  TICKS 

Eriophyidae:  Gall  Mites 

Aceria  kraftella  Keifer:  Bitterbrush  stem  gall  mite 

RANGE.   California,  Nevada,  Oregon,  Idaho,  Montana, 
and  British  Columbia. 

HOST.  Purshia  tridentata   (Purshl  DC. 

DAMAGE .   Infestation  by  the  mite  causes  irregular  galls 
to  form  on  current-year  stems.   Although  the  galls  deform 
the  branches  (fig.  17),  they  are  seldom  abundant.   The  possibilil 
that  infestation  kills  stems  or  causes  them  to  become  diseased 
has  not  been  verified. 

APPEARANCE  AND  HABITS.   The  immature  stages  and  the 
mite's  habits  have  not  been  described.   The  mites  can  be 
observed  only  under  magnification.   They  are  minute  (less 
than  0.3  mm  long),  and  lack  coloration,  and  have  only  two 
pairs  of  legs  at  the  anterior  end.  The  abdomen  is  elongated, 
finely  striated  with  concentric  lines,  and  terminates  in 
two  long  spines. 

LIFE  CYCLE.   The  life  cycle  has  not  been  studied.   Other 
eriophyid  mites  have  immature  and  adult  stages  present  over 
winter  and  a  number  of  uneven  broods  resulting  from  continuous 
breeding  during  summer.   The  mite  apparently  emerges  from 
stem  galls  in  spring  and  infests  new  branch  growth. 

Reference 

Keifer,  H.  H.   1959.   Eriophyid  studies  XXVI.   Bull.  Calif. 
Dep.  Agric.  47:271-281. 
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Figure  17. — Stem  galls  made  by  the  mite;   Aceria  kraftella 
Kiefev,   on  hittevhvush. 
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HOST  PLANT  INDEX 
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ACBT    Spp. 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  distria   Hubner  38 

Nymphalidae 

Nymphalis  antiopa   Linnaeus   45 

Alnus   spp. 

COLEOPTERA 
Buprestidae 

Agri lus   spp 4 

Diceroa  horni   Crotch   7 

Chrysomelidae 

Altica  ombiens    (LeConte)  10 

Curculionidae 

Stemochetus   lapathi    (Linnaeus)   14 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  distria   Hubner  38 

M.    oalifovniovm  pluviale   (Dyar)   40 

Nymphalidae 

Nymphalis  antiopa   Linnaeus  45 

Amelanchier   spp. 
COLEOPTERA 
Buprestidae 

Anthaxia   spp 6 

Scolytidae 

Chaetophloeus   heterodoxus    (Casey)   '16 

HOMOPTERA 
Diaspididae 

Lepidosaphes  ulmi    (Linnaeus)  26 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  oalifomiown   (Packard)   40 

Nymphalidae 

Nymphalis  oalifomioa   (Boisduval)   47 
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Page 

Arctostaphylos   spp. 
COLEOPTERA 
Buprestidae 

Acmaeodera   spp 3 

Agrilus   spp 4,5 

LEPIDOPTERA 
Lymantriidae 

Hemerooampa  vetusta  gulosa   (Boisduval)  .  .     42 
Nymphalidae 

Nymphalis  califovnica   (Boisduval)   ....     47 
Saturniidae 

Hemileuoa  eglanterina   (Boisduval)   ....   52,53,5< 

Artemisia   spp. 
COLEOPTERA 
Cerambycidae 

Crossidius   spp 7,8 

Trirhabda  pilosa   Blake   11 

DIPTERA 

Tephritidae 

Eutreta   spp 20 

HOMOPTERA 
Ortheziidae 

Ovthezia  avtemisiae   Cockerel  1 28 

HYMENOPTERA 
Formicidae 

Pogonomyrmex  ocoidentalis    (Cr.'^sson)   ...     28 

P.    owyheei   Cole 28 

LEPIDOPTERA 
Gelechiidae 

Aroga  wehsteri   Clarke 30 

Saturniidae 

Hemiteuca  hera  hera   (Harris) 52 

H.    nuttalli  nuttalli    (Strecker)   54 

Psychidae 

Aptevona  crenulella   (Bruand)  50 

Atriplex   spp. 

LEPIDOPTERA 
Psychidae 

Apterona  ovenulella   (Bruand)  50 

Betula   spp. 

COLEOPTERA 
Curculionidae 

Stevnoahetus   lapathi    (Linnaeus)   14 
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Page 

Betula   spp.  (con.) 
LEPIDOPTERA 
Lasiocampidae 

Malacosoma  distria   Hiibner 38 

Nymphalidae 

Nymphalis  antiopa   Linnaeus  45 

Ceanothus   spp. 
COLEOPTERA 
Buprestidae 

Acmaeodera   spp 3 

Anthaxia    spp 6 

Diaeraa  hovni   Crotch  7 

LEPIDOPTERA 
Lasiocampidae 

Malacosoma  calif ovnioim   Packard   ....       40 
Nymphalidae 

f^ymphalis  califovnica   (Boisduval)   ...       47 
Saturniidae 

Hemileuca  eglanterina   (Boisduval)   ...       53 

Cercocarpus   spp. 
COLEOPTERA 
Buprestidae 

Acmaeodera   spp 3  . 

Anthaxia   spp 6 

Diaerca  homi   Crotch    7 

Scolytidae 

Chaetophloeus  heterodoxus    (Casey)   ...       16 
LEPIDOPTERA 
Ethmiidae 

Ethnyia  discostrigella   (Chambers)   ...       29 
Lasiocampidae 

Malacosoma  califomiciov   (Packard)   ...       40 
Psychidae 

Apterona  crenulella   (Bruand)  50 

Chrysothamnus   spp . 
COLEOPTERA 
Buprestidae 

Agvilus   spp 4 

Cerambycidae 

Crossidius   spp 7 

Trirhabda  lewisii   Crotch  11 

DIPTERA 

Tephritidae 

Aciurina   spp 20 

Procecidochares   spp 20 
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Chrysothamnus   spp.  (con.) 
LEPIDOPTERA 
Psychidae 

Apterona  arenulella   (Bruand)   50 

Tortricidae 

Synnoma  lynosyrana   Walsingham  54 

Populus   spp. 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  distvia   Hlibner 38 

M.    oalifomiaum   (Packard)    40 

Nymphalidae 

Nymphalis  antiopa   Linnaeus   45 

Saturniidae 

Hemileuoa  nevadensis   Stretch  52 

Prunus   spp. 

COLEOPTERA 
Buprestidae 

Anthaxia   spp 6 

Dioeroa  peotorosa   LeConte   7 

Scolytidae 

Chaetophloeus  heterodoxus    (Casey)  ....      16 
LEPIDOPTERA 
Psychidae 

Apterona  erenulella   (Bruand)   50 

Saturniidae 

Hemileuoa  eglanterina   (Boisduval)  ....     52,53 

Pui'shia  tridentata   (Pursh)  DC. 
COLEOPTERA 
Buprestidae 

Aomaeodera   spp 3 

Anthaxia   spp 6 

DIPTERA 

Cecidomyiidae 

Mayetiola   sp 18 

HEMIPTERA 

Pentatomidae 

Chloroahroa  sayi   (Stal)  22 

HOMOPTERA 
Coccidae 

Leoanium  oerasifex   Fitch   24 


62 


Page 

Purshia  tridentata   (Pursh)  DC.  (con.) 
LEPIDOPTERA 
Gelechiidae 

Filatima  sperryi   Clarke   32 

Getechia  mandelta  Busck 32,33 

Geometridae 

Anaoamptodes  alivinaria  pvofanata   (Barnes 

and  McDunnough)   34 

Lasiocampidae 

Malaoosoma  oaliformicvtm   (Packard)      ...  40 

Lymantriidae 

Hemerocampa  vetusta  gulosa   (Boisduval)  .       42 
THYSANOPTERA 
Thripidae 

Franklinietla  oooidentalis   (Pergande) .  .       55 
ACARINA 

Eriophyidae 

Aoevia  kraftella   Keifer   ........       57 

Querous   spp. 

COLEOPTERA 
Buprestidae 

Aomaeodera   spp 3 

Agrilus   spp 4 

Anthaxia   spp 6 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  distvia   Hiibner 38 

M.    oonstriotim   (Henry  Edwards) 41 

Lymantriidae 

Hemerocampa  vetusta  gulosa   (Boisduval)  .       42 

Rihes   spp. 

LEPIDOPTERA 
Lasiocampidae 

Malaoosoma  oalifomioum   (Packard)   ...       40 

Rosa   spp. 

COLEOPTERA 
Buprestidae 

Aomaeodeva   spp 3 

Anthaxia   spp 6 

Curculionidae 

Rhynohites  bioolor   (Fabricius)  I3 

HOMOPTERA 
Diaspididae 

Lepidosaphes  ulmi   (Linnaeus)  26 
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Page 
Rosa   spp.  (con.) 
LEPIDOPTERA 
Lasiocampidae 

Malaaosoma  aaliformicum   (Packard)  ....     40 
Saturniidae 

Hemileuca  eglanterina    (Boisduval)  ....    52,53 

Salix   spp. 

COLEOPTERA 

Buprestidae 

Agvilus   spp 4 

Anthaxia   spp 6 

Chrysomelidae 

Attica  bimarginata   Say   10 

Disonyoha   latiovittata   Hatch   II 

Curculionidae 

Stemoohetus   lapathi    (Linnaeus) 14 

HOMOPTERA 

Diaspididae 

Lepidosaphes  ulmi    (Linnaeus)   26 

LEPIDOPTERA 

Lasiocampidae 

Malaaosoma  distria   Hubner  38 

M.    oatiformicim   (Packard) 40 

M.    aalifovniown  pluviale    (Dyar) 40 

Lymantriidae 

Hemerooampa  vetusta  gulosa   (Boisduval) .  .     42 

Nymphalidae 

Nymphalis  antiopa   Linnaeus   45 

N.    oalifomioa   (Boisduval)   47 

Psychidae 

Apterona  orenulella   (Bruand)   50 

Saturniidae 

Hemileuca  nevadensis   Stretch   52 

H.    eglanterina   (Boisduval)   52,53 

Samhucus   spp . 

COLEOPTERA 
Cerambycidae 

Desmocerus   spp 9 

Symphovicarpos   spp. 
LEPIDOPTERA 
Saturniidae 

Hemileuca  hera  hera   (Harris)   53 

Ulmus   spp . 

LEPIDOPTERA 
Nymphalidae 

Nymphalis  antiopa   Linnaeus   45 
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Headquarters  for  the  Inter  mountain  Forest  and 
Range  Experiment  Station  are  in  Ogden,  Utah. 
Field  Research  Work  Units  are  maintained  in: 

Boise,  Idaho 

Bozeman,    Montana    (in   cooperation  with 

Montana  State  University) 
Logan,     Utah    (in    cooperation    with     Utah 

State  University) 
Missoula,    Montana    (in   cooperation  with 

University  of  Montana) 
Moscow,    Idaho   (in    cooperation   with    the 

University  of  Idaho) 
Provo,   Utah  (in  cooperation  with  Brigham 

Young  University) 
Reno,    Nevada    (in   cooperation    with    the 

University  of  Nevada) 
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Front  Cover:     Normal-appearing  mountain  mahogany 
shrub.   Juniper  Mountain,    Ouyhee  Co.,    Idaho. 

Inside  Front  Cover:     Mountain  mahogany  defoliated 

by   the   looper,    Anacamptodes  clivinaria  profanata 
(B.    &  MgD.). 

Outside  Back  Cover:     Bull  elk  feeding  on  servioeberry 
on  winter  range,   Loohsa  River,   Idaho. 
(Idaho  Fish  &  Game  Department  photo  by 
Thomas  A.    Leege. ) 
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